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(54) MULTI-CARRIER TRANSMITTER 



(57) In the present invention, clip distortions gener- 
ated when a received multicarrier signal is converted 
into a digital signal by an A/D 22 are regarded as addi- 
tive noise, and the positions and number of clip distor- 
tions are detected by a DET 28 on the basis of the 
output from the A/D 22. The difference values between 
information symbols at two ends of a received block sig- 



nal on the frequency axis, which is output from a DFT 24 
and known zero symbols are obtained by subtracters 26 
and 27. A CAN 25 estimates the magnitudes of clip dis- 
tortions from the difference values and the detection 
result of the position and number of clips and cancels 
the clip distortions. 
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Description 

Technical Field 

5 [0001 ] The present invention relates to a multicarrier transmission apparatus for performing, e.g. , digital audio broad- 
casting, digital TV broadcasting, or radio LAN information transmission. 

Background Art 

io [0002] In recent years, a multicarrier transmission scheme, i.e., OFDM (Orthogonal Frequency Division Multiplex) is 
attracting attention as a digital transmission scheme used for, e.g., a digital TV broadcasting system. 
[0003] In the multicarrier transmission scheme, transmission data is divided into block signals in units of a predeter- 
mined number of data, and the signals are transmitted by a number of carrier waves (carriers) which are orthogonal to 
each other in units of block signals. 

is [0004] This scheme is robust against ghost because the data transfer rate per carrier can be made low. In addition, 
since the influence of transmission distortion can be decreased, waveform equalization can be simplified. 
[0005] FIGS. 1 A and 1 B are block diagrams showing the arrangement of a multicarrier transmission apparatus. FIG. 
1 A shows the arrangement of a transmitting-side apparatus, and FIG. 1 B shows the arrangement of a receiving-side 
apparatus. 

20 [0006] In the transmitting-side apparatus, first, an information bit string is mapped to signal points according to a mod- 
ulation scheme by a mapping circuit (MAP) 1 , thereby converting the information bit string into N (N = 8 in FIG. 1 A) par- 
allel signals X0 to X7. 

[0007] The parallel signals X0 to X7 as signals on the frequency axis are converted into signals xO to x7 on the time 
axis by an N-point inverse discrete Fourier transform (ID FT) 2. 

25 [0008] The signals xO to x7 on the time axis as parallel signals are converted into a serial signal xT by a parallel/serial 
converter (P/S) 3 and further converted into an analog signal by a digital/analog converter (D/A) 4. 
[0009] This analog signal is up-converted into a carrier wave frequency by a transmission circuit (TX) 5 and simulta- 
neously amplified to a predetermined transmission power level by a transmission power amplifier, and then, transmitted 
from an antenna (not shown) to a radio channel. 

30 [001 0] On the receiving-side apparatus, the multicarrier transmission signal sent from the transmitting-side apparatus 
is input to a reception circuit (RX) 6 through an antenna (not shown). 

[001 1] The multicarrier transmission signal as the received signal is high-frequency-amplified by the reception circuit 
(RX) 6 and simultaneously down-converted into a baseband signal. 

[0012] This received signal is converted into a digital signal by an analog/digital converter (A/D) 7 and further con- 
35 verted into N (N = 8) received block signals vO to v7 by a serial/parallel converter (S/P), and then, input to a discrete 
Fourier transform (DFT) 9. 

[001 3] The DFT 9 converts the received block signals vO to v7 as signals on the time axis into signals VO to V7 on the 
frequency axis. The signals V0 to V7 are input to a demapping circuit (DMAP) 10. 

[0014] The demapping circuit 10 demapps the signals VO to V7 to reproduce information data. The basic technology 
40 of the multicarrier transmission scheme is described in, e.g., Bingham, J.A.C., "Multicarrier Modulation for Data Trans- 
mission: An Idea Whose Time Has Come", IEEE Commu. Mag., vol. 28, no. 5, pp. 5-14, May 1990. 
[0015] A multicarrier transmission signal comprising a number of carrier wave components has a noise-like form and 
a large amplitude variation. For this reason, an analog circuit such as an amplifier in the transmission and reception 
apparatuses must have a sufficient linear operation range. 
45 [0016] However, an analog circuit such as an amplification circuit generally has a limited signal amplitude range for 
linear operation. A signal having an amplitude exceeding a certain value has nonlinear distortions to cause a code error 
in reproduced data. Additionally, use of an analog circuit having a wide linear operation range undesirably results in an 
increase in cost and circuit scale of the apparatus. 

[001 7] Conventionally, an information signal is subjected error correction coding in the transmitting-side apparatus in 
so general and sent, and the receiving-side apparatus performs error correction decoding, thereby coping with a code 
error due to nonlinear distortion. However, such a measure against errors requires redundant data added to transmis- 
sion information. Addition of redundant data lowers the transmission efficiency. 

[0018] As described above, in the conventional multicarrier transmission apparatus, since the linear operation range 
of an analog circuit is limited, nonlinear distortion occurs in a transmission signal, resulting in a code error. 
55 [001 9] A solution to this problem increases the cost or circuit scale of the apparatus. When redundant data for error 
control is added, the information transmission efficiency becomes low. 



2 



10 



15 



20 



25 



EP 0 942 547 A1 

Disclosure of Invention 

[0020] The present invention has been made in consideration of the above situation, and has as its object to provide 
a mutticarrier transmission apparatus capable of estimating and canceling a signal distortion generated in a multicarrier 
transmission signal due to the nonlinear characteristics of a transmission or reception circuit without increasing the cost 
and scale of the apparatus or lowering the transmission efficiency. 

[0021] In order to achieve the above object, according to the first invention, in a multicarrier transmission apparatus 
for performing signal transmission to a transmission apparatus which adds transmission redundant signals known 
between transmitting and receiving sides to transmission information signals of a plurality of systems to generate a 
transmission block signal, converts the transmission block signal on a frequency axis into a transmission block signal 
on a time axis to generate a transmission multicarrier signal, and transmits the transmission multicarrier signal from a 
transmission circuit to a transmission channel, 

additive noise canceling means is newly arranged in addition to a reception circuit for receiving the transmission 
multicarrier signal transmitted from the transmission apparatus, received block signal reproduction means for 
reproducing a received block signal corresponding to the transmission block signal from the received multicarrier 
signal received by the reception circuit, and orthogonal transform means for converting the received block signal 
on a time axis reproduced by the received block signal reproduction means into a received block signal on a fre- 
quency axis. The additive noise canceling means obtains a difference between received redundant signals con- 
tained in the received block signal on the frequency axis, which is converted by the orthogonal transform means, 
and the known transmission redundant signals, and, on the basis of the difference value, estimates and cancels 
additive noise components generated by signal distortions in the received block signal on the frequency axis. 

[0022] According to the present invention, even when signal distortions occur in the received multicarrier signal due 
to the nonlinear characteristics of the transmission circuit of the transmission apparatus or reception circuit of the recep- 
tion apparatus, and additive noise is generated in the received block signal by the influence of the signal distortions, the 
additive noise components are estimated and canceled on the basis of the difference value between the received 
redundant signals and the known transmission redundant signals. Consequently, the signal distortions are canceled, so 
the received information signal can be reproduced at high quality without using any expensive transmission/reception 
30 circuit having a wide linear operation range. 

[0023] In the second invention, the nature of signal distortions generated in the received multicarrier signal is esti- 
mated by .signal distortion estimation means on the basis of the difference value between the received redundant sig- 
nals contained in the received block signal and the known transmission redundant signals. Signal distortion 
compensation means is inserted between the reception circuit and the received block signal reproduction means. With 
this compensation means, the signal distortions in the received multicarrier signal are compensated for on the basis of 
the nature of the signal distortions, which is estimated by the signal distortion estimation means. 
[0024] According to this invention, even when signal distortions occur in the received multicarrier signal, compensa- 
tion processing is performed to equalize the signal distortions with the received multicarrier signal. For this reason, a 
received information signal is reproduced from the received multicarrier signal whose signal distortions are compen- 
sated for. Hence, as in the first invention, the received information signal can be reproduced at high quality without using 
any expensive transmission/reception circuit having a wide linear operation range. 
[0025] In addition, according to this invention, the transmission characteristics themselves are compensated by the 
compensation means before orthogonal transform on the basis of the additive noise estimation result. Hence, even 
when random noise is added to the received multicarrier signal, nonlinear distortions can be stably canceled without 
45 causing any estimation errors. 

[0026] The effects of the first and second inventions can be further enhanced especially by employing the following 
specific means. 

[0027] More specifically, as the redundant signals for estimating additive noise or signal distortions, zero symbols 
arranged at two end portions of the transmission block signal to avoid interference to a near-by band or a control pilot 
symbol is used. With this arrangement, the additive noise or signal distortions can be estimated and canceled without 
adding any new redundant signals, and a high-quality multicarrier transmission free from the influence of signal distor- 
tions can be performed without lowering the transmission efficiency. 

[0028] In addition, detection means for detecting positions and number of signal distortions generated in the received 
multicarrier signal in a transmission zone between the transmission circuit and the reception circuit is arranged. The 
additive noise or signal distortions are estimated and canceled on the basis of the detection result from the detection 
means and the difference value between the received redundant signals contained in the received block signal on the 
frequency axis, which is converted by the orthogonal transform means, and the known transmission redundant signals. 
With this arrangement, since estimation calculation of the additive noise or signal distortions can be performed with the 
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known positions of signal distortions, calculation processing can be simplified. 

[0029] Furthermore, in estimating the additive noise or signal distortions, only when the number of signal distortions 
detected by the detection means is equal to or smaller than the number which can be estimated from the known trans- 
mission redundant signals, estimation calculation of the additive noise components or signal distortions is performed. 
5 When the number of signal distortions exceeds the number which can be estimated from the known transmission 
redundant signals, estimation calculation of the additive noise components or signal distortions is not performed. With 
this arrangement, since calculation is performed only when estimation is allowed, wasteful calculation processing is fur- 
ther omitted, so calculation processing can be further simplified. 

[0030] According to the third invention, in a multi-carrier transmission apparatus for performing signal transmission to 
io a transmission apparatus which synthesizes first transmission information signals of a plurality of systems with second 
transmission information signals of a plurality of systems, which have higher priority than that of the first transmission 
information signals, to generate a transmission block signal, and converts the transmission block signal on a frequency 
axis into a transmission block signal on a time axis to generate a transmission multicarrier signal, and transmits the gen- 
erated transmission multicarrier signal from a transmission circuit to a transmission channel, 

75 

additive noise canceling means is arranged in addition to a reception circuit for receiving the transmission multicar- 
rier signal transmitted from the transmission apparatus through the transmission channel, received block signal 
reproduction means for reproducing a received block signal corresponding to the transmission block signal from a 
received multicarrier signal received by the reception circuit, orthogonal transform means for converting the 

20 received block signal reproduced by the received block signal reproduction means on a time axis into a received 

block signal on a frequency axis, and correction means for correcting second received information signals in the 
received block signal converted by the orthogonal transform means, which correspond to the second transmission 
information signals. On the basis of the second received information signals before correction by the correction 
means and the second received information signals after correction, the additive noise canceling means estimates 

25 and cancels additive noise components generated in the received block signal on the frequency axis by signal dis- 
tortions. 

[0031] In the fourth invention, signal distortion estimation means is arranged, and signal distortion compensation 
means is inserted between the reception circuit and the received block signal reproduction means. On the basis of the 

30 second received information signals before correction by the correction means and the second received information sig- 
nals after correction, the signal distortion estimation means estimates the characteristics of the signal distortions gen- 
erated in the received multicarrier signal. The signal distortion compensation means compensates for the signal 
distortions in the received multicarrier signal on the basis of the estimated characteristics of the signal distortions. 
[0032] More specifically, in the third and fourth inventions, based on the fact that in a system for hierarchically trans- 

35 mining general information signals and priority information signals having a higher resisting capability against degrada- 
tion in quality of transmission channel than that of the general information signals, the priority information signals can 
be reliably reproduced on the receiving-side transmission apparatus at high probability, priority information signals after 
error correction are used as if they were known redundant signals. With this arrangement, the additive noise contained 
in the received block signal or signal distortions generated in the received multicarrier signal are estimated and can- 

40 celed. 

[0033] According to these inventions, even when signal distortions occur in the received multicarrier signal due to the 
nonlinear distortions of the transmission circuit of the transmission apparatus or reception circuit of the reception appa- 
ratus, the signal distortions can be canceled without adding any new redundant signals, and high-quality received infor- 
mation signals can be reproduced. 

45 [0034] The fifth invention comprises, in addition to orthogonal transform means for converting an input received block 
signal on a time axis into an input received block signal on a frequency axis and demodulation means for demodulating 
information signals contained in the received block signal on the frequency axis, which is output from the orthogonal 
transform means, to reproduce information data, replacement means for replacing received redundant signals con- 
tained in the received block signal on the frequency axis, the received block signal being output from the orthogonal 

so transform means, with control signals generated on the basis of known transmission redundant signals, inverse orthog- 
onal transform means for converting the received block signal on the frequency axis after signal replacement by the 
replacement means back into the received block signal on the time axis, and correction means for replacing, of signal 
elements of the received block signal generated by received block signal generation means, signal elements which are 
estimated by detection means to be added with distortions larger than a predetermined amount with corresponding sig- 

55 nal elements of the received block signal output from the inverse orthogonal transform means. This invention further 
comprises detection means for estimating, from a plurality of signal elements contained in the received block signal 
reproduced by the received block generation means, positions and number of signal elements added with distortions 
larger than a predetermined amount, and control means. The control means repeatedly executes an operation of input- 
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ting the received block signal output from the received block signal reproduction means to the orthogonal transform 
means, inputting the received block signal output from the orthogonal transform means to the inverse orthogonal trans- 
form means through the replacement means, causing the correction means to generate a corrected received block sig- 
nal, inputting the corrected received block signal to the orthogonal transform means, inputting the received block signal 
s output from the orthogonal transform means to the inverse orthogonal transform means through the replacement 
means, and causing the correction means to generate a corrected received block signal on the basis of the output from 
the .nverse orthogonal transform means a predetermined number of times, and after the repetitive operation is ended 
causes the demodulation means to demodulate the information data on the basis of the received block signal output 
from the orthogonal transform means. 

io [0035] According to this invention, in the receiving-side transmission apparatus, the operation of replacing the known 
redundant signals in the received block signal is converted into a known redundant signal on a frequency axis by 
orthogonal transform with control signals and then converting the signal again by inverse orthogonal transform when 
nonlinear distortions are contained in the received block signal, detecting the positions of nonlinear distortions and cor- 
recting the s.gnal elements from which the nonlinear distortions are detected to corresponding signal elements in the 

is received block signal after inverse orthogonal transform is executed at least once. 

[0036] That is. orthogonal transform and inverse orthogonal transform used to generate and separate an OFDM sig- 
nal are also used to estimate and cancel additive distortions. For this reason, even when the received block signal 
passes through an apparatus or transmission channel having no sufficient linear operation range and obtains nonlinear 
distortions, the nonlinear distortions are estimated and canceled in the receiving-side transmission apparatus 
20 I ?^!L S ' nCe the add,t,ve distortions are canceled using the redundant signals which have already been contained in 
the OFDM s.gnal and known between the transmitting and receiving sides, no new redundant signals need be used 
and the transmission efficiency is not lowered. 

[0038] In the fifth invention, by integrating or selecting the signal elements of the received block signal to decrease 
the number of s.gnal elements, the number of points of orthogonal transform or inverse orthogonal transform used to 
25 cancel the additive distortions can be reduced to decrease the calculation amount. 

[0039] The sixth invention is a multicarrier transmission apparatus characterized by comprising: 

first conversion means for converting a transmission signal block on a frequency axis, which has a plurality of siq- 
nals. into a transmission signal block on a time axis; 

transmission means for transmitting the transmission signal block converted by the first conversion means- "* 
reception means for receiving the transmission signal block transmitted by the transmission means as a received 
signal block on the time axis; and , 
second conversion means for converting the received signal block received by the reception means into a received 
signal block on the frequency axis, 

wherein the plurality of signals contained in the received signal block on the time axis and the received signal block 
on the frequency axis have known signals whose transmitted values are known and unknown signals other than the 
known signals. 

and the apparatus comprises correction means for correcting at least one of the unknown signals contained in the 
received signal block on the time axis and the unknown signals contained in the received signal block on the fre- 
quency axis to one of unknown signals contained in the transmission signal block on the time axis and unknown 
signals contained in the transmission signal block on the frequency axis on the basis of the known signals con- 
tained in the received signal block on the frequency axis, which is converted by the second conversion means. 

[0040] According to this invention, since at least one of the unknown signals contained in the received signal block on 
the time axis and the unknown signals contained in the received signal block on the frequency axis is corrected by the 
correction means to an unknown signal contained in the transmission signal block, the influence of signal distortions 
can be decreased. 

[0041] According to the seventh invention, the sixth invention is characterized in that the first conversion means con- 
verts the transmission signal block on the frequency axis into the transmission signal block on the time axis by inverse 
so discrete Fourier transform, and 

the second conversion means converts the received signal block on the time axis into the received signal block on 
the frequency axis by discrete Fourier transform. 
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[0042] According to the seventh invention, since inverse discrete Fourier transform (Inverse Discrete Fourier Trans- 
form: IDFT) and discrete Fourier transform (Discrete Fourier Transform: DFT) are used, high-speed calculation can be 

realized. 

[0043] According to the eighth invention, the sixth invention is characterized by further comprising 
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first replacement means for replacing at least one of the known signals contained in the received signal block on 
the frequency axis, which is converted by the second conversion means, with the transmitted value, 
third conversion means for converting the received signal block on the frequency axis, which contains the known 
signal replaced by the first replacement means, into the received signal block on the time axis, 
s determination means for determining whether the plurality of signals contained in the received signal block received 

by the reception means exceed a predetermined amplitude level, and 

second replacement means for replacing a signal which is determined to exceed the predetermined amplitude level 
by the determination means with a signal contained in the received signal block on the time axis, which is converted 
by the third conversion means, and corresponding to the signal which is determined to exceed the predetermined 
10 amplitude level. 

[0044] According to the eighth invention, a known inverse Fourier transform can be used as the third conversion 
means. To correct only a specific unknown signal, correction can be performed using some known signals and conver- 
sion means having a small number of points at a small calculation amount. 
is [0045] The ninth invention is characterized in that the known signal represents information to be transmitted, and 

correction by the correction means is performed using a known signal reproduced by mapping the known signals 
contained in the received signal block on the frequency axis, which is converted by the second conversion means, 
and demapping the mapped known signals. 

20 

[0046] According to the ninth invention, since a signal for which a modulation scheme robust against a transmission 
error can reproduce data without any errors on the receiving side even when the signal is degraded in the transmission 
channel, a signal component without any degradation can be reproduced by remodulating the reproduced data. Hence, 
this signal is used as the known signal on the frequency axis. In this case, a pilot signal or the like is unnecessary. 
25 [0047] In the above-described inventions, as the known signals on the frequency axis, zero value signals in a block 
on the frequency axis, which are inserted to limit the band, or pilot signals set in advance to have a predetermined 
amplitude value can be used. 

[0048] When the degradation in the transmission channel occurs due to nonlinear components having saturation 
characteristics, signals having large amplitudes are degraded. For this reason, signals having small amplitudes can be 
30 used as the known signals on the time axis. 

[0049] The known signals on the time axis can be obtained from the known signals on the frequency axis and 
unknown signals on the frequency axis. 

Brief Description of Drawings 

35 

[0050] 

FIG. 1 A is a block diagram for explaining a conventional multicarrier transmission apparatus. 
FIG. 1 B is a block diagram for explaining the conventional multicarrier transmission apparatus. 
40 FIG. 2A is a block diagram showing a transmitting-side transmission apparatus according to the first embodiment 
of the present invention. 

FIG. 2B is a block diagram showing a receiving-side transmission apparatus according to the first embodiment of 
the present invention. 

FIG. 3 is a graph showing spectrum characteristics obtained when no null signals are inserted to symbol positions 
45 at two ends of a signal block. 

FIG. 4 is a graph showing spectrum characteristics obtained when null signals are inserted to symbol positions at 
two ends of a signal block. 

FIG. 5 is a graph showing a signal waveform so as to explain a clip operation of an A/D converter. 
FIG. 6 is a graph showing a signal model obtained when the clip operation is performed while adding additive noise. 
so FIG. 7A is a block diagram showing a transmitting-side transmission apparatus according to the second embodi- 

ment of the present invention. 

FIG. 7B is a block diagram showing a receiving-side transmission apparatus according to the second embodiment 
of the present invention. 

FIG. 8 is a graph showing an example of nonlinear input-to-output characteristics of a reception circuit. 
55 FIG. 9 is a graph showing an example of nonlinear input-to-output characteristics for compensation set in a com- 
pensator. 

FIG. 1 0A is a graph showing an input signal waveform so as to explain an amplitude limiting operation due to the 
nonlinear characteristics of the reception circuit; 
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FIG 1 0B is a graph showing an output signal waveform so as to explain an amplitude limiting operation due to the 
nonlinear charactenstics of the reception circuit. 

FIG. 10C is a graph showing an additive noise model according to the nonlinear characteristics 

J* 1 l bl ° Ck ? ,a9ram Sh ° Wing 3 transmi « in 9-side transmission apparatus according to the third embodiment 
of the present invention. 

theprierft fn^n* 9 ' 8 " 1 Sh ° Win9 * receiving " Side transmi ssion apparatus according to the third embodiment of 

FIG 12A is a block diagram showing a transmitting-side transmission apparatus according to the fourth embodi- 
ment of the present invention. 

Fia 12B is a block diagram showing a receiving-side transmission apparatus according to the fourth embodiment 
of the present invention 

^ 13 iS a ^' OCk di99ram Sh ° Wing 3 ^"smitting-side transmission apparatus according to the fifth embodiment 
of the present invention. 

rs the prilnUnvirtion 9 ' 9111 Sh ° Wi " 9 3 receiving - side transm 'ssion apparatus according to the fifth embodiment of 

FIG. 15 is a block diagram showing a receiving-side transmission apparatus according to the sixth embodiment of 
the present invention. 

Fia 16 is a block diagram showing a receiving-side transmission apparatus according to the seventh embodiment 
of the present invention. 

20 F i?K 1 7 iS 3 diagram showin 9 a transmitting-side transmission apparatus according to the eighth embodiment 

of the present invention. 

F i? h 18 iS a ^ OCk di39ram Sh ° Wing 3 receivi "9-side transmission apparatus according to the eighth embodiment 
of the present invention. 

F «?k 1 9A 15 3 1 3 "** d j a9ram Sh ° Win9 3 transmittin 9-side transmission apparatus according to the ninth embodiment 
25 of the present invention. 

F J? h 198 ' S t bl0 ° k d5a9ram Sh ° Wing 3 receivi "9- side transmission apparatus according to the ninth embodiment 
of the present invention. 

FIG. 20 is a view for explaining a signal compensation method in the embodiment 

T*?k 21 A iS a , blOCk f 39 ' 3 " 1 Sh ° Wing 8 transmit «ng-side transmission apparatus according to the 10th embodiment 

30 ot the present invention. 

the pfJs^m ^en^on^^ showln 9 a receiving-side transmission apparatus according to the 1 0th embodiment of 

FIG 22 is a block diagram showing another receiving-side transmission apparatus according to the 10th embodi- 
ment of the present invention. 
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Best Mode of Carrying Out the Invention 

[0051 ] The embodiments of the present invention will be described below with reference to the accompanying draw- 
ings. 

(First Embodiment) 

[0052] In a multicarrier transmission apparatus according, to the first embodiment of the present invention, to prevent 
a transm,tt.ng-s,de transmission apparatus from interfering with a near-by band, null signals (zero symbols) are trans- 
mitted at two end portions of the transmission band of the transmitting-side transmission apparatus itself 
[0053] A rece.ving-s.de transmission apparatus regards a clip distortion generated due to the allowable input ampli- 
tude range of an A/D converter as additive noise and detects the number and positions of dip distortions on the basis 
of the output from the A/D converter. 

[0054] By performing calculation on the basis of the detection result and the difference value between the reception 
redundant symbols at the two ends of the received block signal after orthogonal transform and the known zero symbols 
the clip distortion is estimated and canceled. 

[0055] A technique of transmitting null signals (zero symbols) at two end portions of a transmission band is described 
in detail in, e.g., 

[0056] H. Sari, G Karam. and I. Jeanclaude. "Transmission Techniques for Digital TV erretrial TV broadcasting" IEEE 
Communication Magazine. Vol. 33. No2. pp. 100 - 109, Feb. 1995. ' 
[0057] This embodiment will be described below in detail with reference to the accompanying drawings. A description 
will be made assum.ng that the number of multicarriers N is 8. and two null signals as known control redundant signals 
between the transmitter and receiver are inserted to the two end portions of the transmission band, respectively. 
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[0058] FIG. 2A is a block diagram showing the arrangement of a transmitting-side transmission apparatus according 
to this embodiment. FIG. 2B is a block diagram showing the arrangement of a receiving-side transmission apparatus 
according to this embodiment. 

[0059] In the transmitting-side transmission apparatus, first, transmission information data is mapped to phase posi- 
s tions on a complex plane according to, e.g., PSK (Phase Shift Keying) or QAM (Quadrature Amplitude Modulation) by 
a mapping circuit (not shown). 

[0060] Mapped transmission information signals X1 to X6 are input to an inverse discrete Fourier transform (IDFT; 
Inverse Discrete Fourier Transform) 1 1 . At this time, null signals X0 and X7 each of which makes a corresponding one 
of symbols at two ends of the signal block a zero symbol are input to the IDFT 11. 
io [0061] The IDFT 1 1 converts a transmission block signal X comprising the six input transmission information signals 
X1 to X6 and the two null signals X0 and X7 on the frequency axis into a transmission block signal on the time axis. 
More specifically, the IDFT 1 1 outputs a transmission block signal x on the time axis: 

x = (xOxl ... xN-1)T 

15 

for 

N-1 

20 k=0 

^ -j2rc/N 

w = e 

25 [0062] The transmission block signals x output from the IDFT 1 1 are converted from parallel signals into a serial signal 
by a parallel/serial converter (P/S; Parallel/Serial Converter) 12 and then converted into an analog signal, i.e., a trans- 
mission signal by a digital/analog converter (D/A; Digital/Analog Converter) 13. 

[0063] This transmission signal is frequency-converted into a multicarrier signal having a predetermined radio fre- 
quency and power-amplified to a predetermined transmission level by a transmission circuit (TX) 14, and then, trans- 

30 mitted from an antenna (not shown) to a radio channel. 

[0064] FIG. 4 is a graph showing the spectrum of the multicarrier transmission signal transmitted through the radio 
channel. Since the null signals are inserted to symbols at the two ends, the spectrum falls within the given bandwidth 
including sideband waves. FIG. 3 shows the spectrum characteristics obtained when no null signals are inserted to 
symbol positions at two ends of a signal block. 

35 [0065] In the receiving-side transmission apparatus, the transmission multicarrier signal transmitted from the trans- 
mitting-side transmission apparatus is input to a reception circuit (RX) 21 through an antenna (not shown). The recep- 
tion multicarrier signal is high-frequency-amplified and frequency-converted into a baseband signal by the reception 
circuit 21, and then, amplified by a baseband amplifier. 

[0066] The received signal output from the reception circuit 21 is converted into a digital signal by an analog/digital 

40 converter (A/D; Analog/Digital Converter) 22. 

[0067] The transmission multicarrier signal is obtained by converting N (N = 8) signals on the frequency axis into N 
(N = 8) signals on the time axis, as described above, and therefore has an amplitude variation. 
[0068] This amplitude variation becomes larger as N becomes larger. For this reason, to receive and reproduce the 
signal while holding its signal waveform, the A/D 22 requires a large number of bits. In fact, however, the number of bits 

45 of the A/D 22 is limited because of the circuit scale or the like. That is, the allowable input amplitude range is limited. 
[0069] Hence, the signal waveform is ciipped at a portion where it is outside the allowable input amplitude range 
before the reception multicarrier signal is converted into a digital signal by the A/D 22. as shown in FIG. 5. This clip oper- 
ation can be modeled as noise of -0.5V added to an input signal waveform of +1.5V, as shown in FIG. 6. When the 
amplitude limitation by the A/D 22 is modeled as additive noise e, an output signal block y from the A/D 22 is given by: 

50 

v = x + e 

where 

55 V = (v0v1 ... vN-1) 

e = (e0e1 ... eN-1) 
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[0070] The received block signal is converted into N (N = 8) parallel signals y by a serial/parallel converter (S/P; 
Serial/Parallel Converter) 23, and each signal y is input to an N-point, i.e., 8-point discrete Fourier transform (DFT; Dis- 
crete Fourier Transform) 24 as one signal block vi (i = 0, 1 , .... 7). The discrete Fourier transform 24 converts the eight 
received block signals on a frequency axis into light received block signals on a time axis. More specifically, the DFT 24 
5 generates a received block signal V on the frequency axis represented by 

Vs ( v oVi...V N . 1 ) T (2) 



[0071 ] The received block signal V is input to a canceler (CAN) 25 and subtracters 26 and 27. The subtracters 26 and 
is 27 calculate the difference values between two signals V0 and V7 at two ends of the received block signal V and the 
known null signals X0 and X7. The difference values are supplied to the CAN 25; 

[0072] The positions and number of additive noise components detected by a detector (DET) 28 are also supplied to 
the CAN 25. The CAN 25 estimates and cancels the additive noise contained in the received block signal V on the fre- 
quency axis on the basis of the positions and number of additive noise components supplied from the DET 28 and the 
20 difference values supplied from the subtracters 26 and 27. 

[0073] The additive noise estimation/cancel operation will be described below in detail. 

[0074] The additive noise block £ is modeled as the clip operation of the A/D 22, as described above, so the positions 
and number of clipped signals can be specified. That is, elements corresponding to clip positions are nonzero, and the 
remaining elements are zero. These elements can he detected by the DET 28. However; the magnitude of each 
nonzero element is unknown, though it can be estimated from the received block signal V output from the DFT 24 The 
procedure will be described below. 

[0075] The output signal block V from the DFT 24 is given by 



25 



30 



40 



45 



55 



V = X + E 

In this case, 



E = (E0E1 ... EN-1)T 

35 is obtained by discrete Fourier transform of the additive noise e corresponding to the clip distortion. In addition. 

(X0 X1 ... XM)T, 
(XN-tXN-t+1 ... XN-1)T 



represent known redundant signals (null signals) which are known as zero on the receiving side. 
[0076] Hence, (E0 E1 ... EM)T and (EN-t En-t+1 ... EN-1)T are estimated from 

Ek = Vk - Xk, 

k = 0, 1, ....N-1, N-t, N-t+1 N-1 



[0077] As described above, the additive noise e is modeled as the clip operation of the A/D 22. For this reason, the 
positions and number of nonzero elements of the N elements (ei, i = 1 , 2, N-1 ) of the additive noise e can be detected 

so by the DET 28. Let v (v s 2t) be the number of nonzero elements, and i*x, *i = 1, 2 v be the positions. The position 

polynomial A(x) of the additive noise is defined as 



A(x)=n0 -xrD*) (3) 
= A 0 + A t X +...+ A y X v 
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In this case, AO = 1 , and the coefficients of the remaining x are also calculated from the positions of the additive noise. 
[0078] Discrete Fourier transform of (AO, A1 , Av) yields 

X\ = (1/N)A(o> - i) 

5 

[0079] At this time, the following relationship holds: 

Xte, = 0. i = 0 N-1 (4) 

10 v 

E j = "Z A k E j _ k ,j = 0,...,N-1 
k=1 



is [0080] In equation (4), Ak, k= 0, 1, .... v is calculated. From Ak and Ek, k = 0, 1, .... N-1, N-t, N-t+1 N-1, 

E k , k = t,t+1, .... N-t-1 
is calculated. Finally, an information signal Xk is obtained: 

20 

Xk, k = t, t+1 N-t-1 

[0081] When the number of additive noise components is equal to or smaller than 2t or the number of redundant data, 
the magnitude of the additive noise Ek can be estimated, so the additive noise can be canceled by the CAN 25. On the 
25 other hand, when the number of additive noise is larger than 2t or the number of redundant data, the additive noise can- 
not be estimated, so the CAN 25 does not perform processing for estimation/cancel. 

[0082] As described above, in this embodiment, a clip distortion generated upon converting the reception multicarrier 
signal into a digital signal by the A/D 22 is regarded as additive noise. 

[0083] Subsequently, the DET 28 detects the positions and number of clip distortions on the basis of the output from 
30 the A/D 22. Simultaneously, the subtracters 26 and 27 obtain the difference values between the information symbols at 
the two ends of the received block signal on the frequency axis, which is output from the DFT 24, and known zero sym- 
bols. The CAN 25 estimates the magnitude of the clip distortion on the basis of the difference values and the positions 
and number of clips and cancels it. 

[0084] According to the first embodiment, even when clip distortion occurs upon converting the received block signal 
35 into a digital signal by the A/D 22, the clip distortion can be estimated and canceled on the basis of the null signals as 
far as the number of clip distortions is equal to or smaller than 2t or the number of null signals as known redundant data. 
For this reason, high-quality reception information data can be reproduced without using any expensive A/D having a 
wide allowable input amplitude range. 

[0085] In addition^ since a clip distortion is estimated using, as redundant data, the null signals which have already 
40 been inserted to prevent interference to the near-by band, no new redundant data need be added, so the above effect 
can be obtained without lowering the transmission efficiency. 

[0086] Furthermore, only when the number of clip distortions is equal to or smaller than 2t or the number of null sig- 
nals as known redundant data, calculation for clip distortion estimation/cancel based on the null signals is performed. 
When the number of clip distortions exceeds 2t or the number of null signals, calculation for estimation/cancel is not per- 
45 formed. With this arrangement, wasteful estimation/cancel calculation processing can be omitted, so calculation can be 
simplified, and the power consumption can be reduced. 

[0087] In the above-described first embodiment, only clip distortion generated by the A/D 22 provided in the receiving- 
side transmission apparatus has been described. However, a clip distortion generated in the transmitting-side transmis- 
sion apparatus can also be estimated and canceled together with the clip distortion generated by the A/D 22. In this 
so case, the DET 28 detects the positions and number of clip distortions while regarding that additive noise is added to the 
reception multicarrier signal when the signal level of the reception multicarrier signal is equal to or slightly lower than 
the clip voltage value on the transmitting side. 

[0088] In the first embodiment, zero symbols are used to estimate additive noise due to the clip distortion. However, 
a pilot symbol for control may be used. When known control redundant data is transmitted, this data may be used. 

55 

(Second Embodiment) 

[0089] In the second embodiment of the present invention, in a receiving-side transmission apparatus, a nonlinear 
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distortion generated due to the nonlinear characteristics of input-to-output characteristics of an amplifier or the like in 
the reception circuit is regarded as additive noise, and the positions and number of nonlinear distortions are detected 
from a reception multicarrier signal. The characteristics of the nonlinear distortion are estimated on the basis of the 
detection result and the difference values between reception redundant symbols at two ends of a received block signal 

5 after orthogonal transform and known zero symbols. A compensator capable of variably setting input-to-output charac- 
teristics is arranged on the input side of an orthogonal transform. Input-to-output characteristics tor compensating for 
the estimated characteristics of nonlinear distortion are set in the compensator, and the reception multicarrier signal is 
passed through the compensator to compensate for the nonlinear distortion of the reception multicarrier signal. 
[0090] FIG. 7 A is a block diagram showing the arrangement of a transmitting-side transmission apparatus according 

io to this embodiment. FIG. 7B is a block diagram showing the arrangement of a receiving-side transmission apparatus 
according to this embodiment. The same reference numerals as in FIGS. 2A and 2B denote the same parts in FIGS. 
7A and 7B P and a detailed description thereof will be omitted. 

[0091] When an amplifier or the like in a reception circuit (RX) 21 has nonlinearity, a nonlinear distortion is generated 
in a reception multicarrier signal. For example, when the input-to-output characteristics of the amplifier represent that 

75 the linearity is lost at a voltage equal to or higher than +1 V and a voltage equal to or lower than -1 V, and the signal level 
of the reception multicarrier signal exceeds the linear operation range of +1 V to -1 V, a nonlinear distortion is generated. 
FIGS. 10A and 10B show an example. The amplitude of a 1 .8V signal wave is limited to 1.4V The amplitude limit oper- 
ation due to the nonlinear characteristics of the amplifier or the like can be modeled as noise of -0.4V added to an input 
signal waveform of +1 .8V, as shown in FIG. 1 0C. Hence, when the modeled additive noise is represented by e, an out- 

20 put signal block v from the reception circuit 21 is given by 



v = x + e 

as in the first embodiment. 

[0092] This received block signal is converted into a digital signal by an A/D 22 and input to an SIP 23 through a com- 
pensator (CMP) 29 to be described later. The signal is converted into N (N = 8) parallel signals v by the SIP 23, and 
each signal vi (i - 0, 1. .... 7) is input to an N-point. i.e.. 8-point DFT 24 as one signal block. The DFT 24 converts the 
eight received block signals y on the time axis into signals on the frequency axis. Reception information data X is repro- 
duced from a received block signal V on this frequency axis. 

[0093] When the reception information data X is to be reproduced from the received block signal V on the frequency 
axis, additive noise E due to the nonlinear distortion contained in the received block signal V can be estimated by an 
estimater (EST) 20 and subtracters 26 and 27. 

[0094] More specifically as described in the first embodiment, the output signal block V from the DFT 24 is given by 

V=X + E 

In this case, 

E = (E0E1 ... EN-1)T 

is obtained by discrete Fourier transform of the additive noise e corresponding to the nonlinear distortion. In addition, 

(X0X1 ... XM)T, 
(XN-t XN-t+1 ... XN-1)T 

are known redundant signals (null signals) which are known as zero on the receiving side. Hence, 

(E0 E1 ... Et-1)T, 
(EN-t EN-t+1 ... EN-1)T 

are estimated from 



Ek = Vk - Xk, 
k = 0, 1 N-1, N-t, N-t+1. .... N-1 
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[0095] As described above, the additive noise e is modeled as the amplitude limit operation due to the nonlinear char- 
acteristics of the reception circuit 21 . For this reason, the positions and number of nonzero elements of the N elements 

(ei, is1,2 N-1) of the additive noise g can be detected by a DET 28, as in the first embodiment. Let v (v ^ 2t) be 

the number of nonzero elements, and in, \i = 1, 2, .... v be the positions. The position polynomial A(x) of the additive 
noise is defined as equation (3) above. In this case, AO = 1 , and the coefficients of the remaining x are also calculated 
from the positions of the additive noise. 
[0096] Discrete Fourier transform of (AO, A1, .... Av) yields 

A,i = (1/N)A(<D-i) 

At this time, relationship (4) above holds. 

[0097] In equation (4), Ak, k = 0, 1 , .... v is calculated. From Ak and Ek, k = 0, 1 N-1 , N-t, N-t+1 , .... N-1 , 

Ek, k = t, t+1 N-t-1 



is calculated. 

[0098] When the number of additive noise is equal to or smaller than 2t or the number of redundant data, the magni- 
tude of the additive noise Ek is estimated by the EST 20. If the estimated value is correct, the information signal Xk, k 
= t, t+1, .... N-t-1 can be obtained by subtracting the estimated noise signal Ek, k = t, t+1. .... N-t-1 from the received 

20 signal Vk, k = t, t+1 , .... N-t-1. When the number of additive noise components is larger than 2t or the number of redun- 
dant data, the additive noise cannot be estimated, so the EST 20 does not perform processing for estimation. 
[0099] However, this case assumes that no nonlinearity is observed within the linear operation range of the reception 
circuit 21 at all, and only additive noise due to the model of the nonlinear operation is taken into consideration, and does 
not always coincide with an actual case. In an actual case, since nonlinearity to some extent is observed even within 

25 the linear operation range of the reception circuit 21 , and random additive noise is also present, the estimated value of 
additive noise has an error. 

[0100] In the second embodiment, the additive noise is not directly subtracted by the CAN 25, unlike the first embod- 
iment. Instead, the nonlinear distortion is canceled by the following processing. 
[0101] In the EST 20, IDFT processing is performed for an estimated noise block 

30 

E = (E0 E1 ... EN-1)T 

in the frequency domain to obtain 
35 e = (eO e1 ... eN-1)T 

on the time axis. This is the additive noise model of nonlinear characteristics. 

[0102] When, in a signal block comprising N signals, a signal having a voltage value x is received as 

40 v = x - e 

this signal is modeled as additive noise having a voltage value -e. The compensator (CMP) 29 is inserted between the 
A/D 22 and the S/P 23 to multiply the received signal value v by 

45 g(v) = 1 + e/v 

The voltage value x is given by 

x = v + e 

50 

as a correct signal. 

[0103] Considering that the estimated noise has an error, a coefficient a (a < 1) is set as follows to gradually correct 
the estimated value; 

55 g(v) = 1 + ae/v 

[0104] When the above-described noise estimation is repeated for a plurality of signal blocks, the relationship of the 
correction gain g(v) and various reception voltage values v as shown in FIG. 8 is obtained. When the gains g(v) with 
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respect to the voltages v are smoothly connected, the input-to-output characteristics of the CMP 29 can be obtained. 
[0105] As described above, in the second embodiment, additive noise due to the nonlinear distortion is estimated by 
the estimater (EST) 20 using the positions and number of nonlinear distortions detected by the DET 28 and known zero 
symbols XO and X7. In addition, the compensator (CMP) 29 is inserted between the A/D 22 and the S/P 23. Correction 
input-to-output characteristics for compensating for the nonlinear characteristics of the reception circuit 21 are set in the 
CMP 29 on the basis of the additive noise estimation result by the EST 20, thereby compensating for the nonlinear dis- 
tortion of the reception multicarrier signal by the CMP 29. 

[0106] According to the second embodiment, the nonlinear distortion of the reception multicarrier signal can be com- 
pensated for in consideration of not only the nonlinear characteristics of the reception circuit 21 but also small nonline- 
arity present within the linear operation range and even random additive noise. Hence, high-quality reception 
information data can be reproduced. In the second embodiment as well, zero symbols which have already been 
inserted to the two ends of a signal block are used as redundant signals to estimate the nonlinear distortion. For this 
reason, no new redundant signals need be added, and the transmission efficiency does not lower. Furthermore, any 
training signal for estimating the nonlinear characteristics is not required. 

[0107] In the second embodiment, a description has been made assuming that the nonlinear distortion is generated 
only in the receiving-side transmission apparatus. However, a nonlinear distortion generated in the transmitting-side 
transmission apparatus can also be estimated and canceled together with the nonlinear distortion generated on the 
receiving side. In this case, the DET 28 detects the positions and number of nonlinear distortions while regarding that 
additive noise components are added to the reception multicarrier signal when the signal level of the reception multicar- 
20 rier signal is equal to or slightly lower than the voltage at the boundary at which a nonlinear distortion occurs on the 
transmitting side. 

[0108] In the second embodiment, zero symbols are used to estimate additive noise due to a nonlinear distortion. 
However, a pilot symbol for control may be used. When known control redundant data is transmitted, this data may be 
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55 



used. 
(Third Embodiment) 



[0109] The third embodiment of the present invention places its importance on a fact that in a multicarrier transmission 
system which multiplexes a general information signal and a priority information signal with higher priority and hierar- 
chically transmits the signal, the priority information signal can be reliably reproduced at high probability on the receiv- 
ing side because a high capability of resisting against degradation in transmission quality is imparted to the priority 
information signal. 

[01 1 0] More specifically, a priority information signal after error correction is used as if it were a known redundant sig- 
nal, thereby estimating and canceling additive noise contained in a received block signal. 

[0111] Multicarrier hierarchical transmission can be applied to, e.g., a system for broadcasting a video signal. More 
specifically, the high-frequency component of a video signal is transmitted as a general information signal, and the DC 
component, low-frequency component, and various control information are transmitted as priority information signals. 
With this arrangement, even when the transmission condition is bad, the receiving-side transmission apparatus can 
reproduce at least the DC component, low-frequency component, and various types of control information of the video 
40 signal, so minimum video information can be reproduced. 

[0112] Means for imparting a high capability of resisting against degradation in transmission quality to the priority 
information signal are as follows. 

(1) The number of multivalued data is decreased, and modulation is performed with a larger signal point distance. 
45 (2) The signal power is increased. 

(3) Powerful error correction coding is performed. 

[0113] Hierarchical transmission is described in, e.g., K. Ramchandran, A. Ortega, K. Mentin Uz, and M. Varrerli "Mul- 
tiresolution Broadcast for Digital HDTV Using Joint Source/Channel Coding", IEEE Journal on Selected Areas in Corn- 
so munications, Vol11, Nol, pp. 6 - 23, Jan. 1993. 

[01 1 4] This embodiment will be described below in detail with reference to the accompanying drawings. A description 
will be made on the assumption that the number N of multicarriers is 8, and two of them are used to transmit priority 
information while the six remaining multicarriers are used to transmit non-priority information. 

[01 1 5] FIG. 1 1 A is a block diagram showing a transmitting-side transmission apparatus according to this embodiment. 
FIG. 1 1 B is a block diagram showing a receiving-side transmission apparatus according to this embodiment. The same 
reference numerals as in FIGS. 2 A and 2B denote the same parts in FIGS. 1 1 A and 1 1 B, and a detailed description 
thereof will be omitted. 

[01 16] In the transmitting-side transmission apparatus, assume that the information bit string to be transmitted com- 
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prises a priority information bit string a 

a = (aO a1 a2 ...) 

5 and a non-priority information bit string b 

b = (bO b1 b2 ...) 

[0117] The priority information bit string a and non-priority information bit string b are input to a first mapping circuit 
10 (MAPI) 31 and a second mapping Circuit (MAP2) 32, respectively. The first mapping circuit 31 maps the priority infor- 
mation bit string a to QPSK signal points in units of 2 bits. The second mapping circuit 32 maps the non-priority infor- 
mation bit string b to 16QAM signal points in units of 4 bits. 

[0118] QPSK and QAM are compared under a condition in which the peak power is kept unchanged. Since the dis- 
tance between the QPSK signal points is three times that between the QAM signal points, QPSK is robuster against 
is noise or distortion than QAM. Hence, even when a code error occurs in the bit string b modulated by 16QAM under a 
certain transmission channel condition, the bit string a modulated by QPSK will not have any errors at high probability 
under the same condition. However, the transmission efficiency is higher for the bit string b modulated by 16QAMI 
[011 9] When a signal block X input from the first and second mapping circuits 31 and 32 to an IDFT 11 is given by 

20 x = (X0X1 X2 ... XN-1)T 

signals corresponding to 2t (t = 1 in FIGS. 1 1 A and 1 1 B), i.e., 

(XO X1 X2 ... X2t-1)T 

25 

are information signals obtained by QPSK-modulating the priority information bit string a. The remaining signals corre- 
sponding to N-2t, i.e.. 

(X2t X2t+1 ... XN-1)T 

30 

are information signals obtained by 16QAM-modulating the non-priority information bit string b. In this case, ( )T means 
block transposition. 

[0120] Upon receiving the N transmission block signals X, the IDFT 1 1 converts the transmission block signals X from 
signals on the frequency axis into signals on the time axis, as described in the first embodiment, so transmission block 

35 signal x. on the time axis represented by equation (1) are output from the IDFT 11. 

[01 21 ] The transmission block signal x output from the IDFT 1 1 are converted from parallel signals into a serial signal 
by a parallel/serial converter (P/S) 12 and then converted into an analog signal by a digital/analog converter (D/A) 13 
as a transmission multicarrier signal. This transmission multicarrier signal is frequency-converted into a multicarrier sig- 
nal having a predetermined radio frequency and power-amplified to a predetermined transmission level by a transmis- 

40 sion circuit (TX) 14, and then, transmitted from an antenna (not shown) to a radio channel. 

[0122] In the receiving-side transmission apparatus, the transmission multicarrier signal transmitted from the trans- 
mitting-side transmission apparatus is received by an antenna (not shown) and input to a reception circuit (RX) 21 . The 
received multicarrier signal is high-frequency-amplified and frequency-converted into a baseband signal by the recep- 
tion circuit 21 , and then, amplified by a baseband amplifier. The received signal output from the reception circuit 21 is 

45 converted into a digital signal by an analog/digital converter (A/D) 22. 

[0123] When an amplifier or the like in the reception circuit (RX) 21 has nonlinear input-to-output characteristics, a 
nonlinear distortion as shown in, e.g., FIG. 10B occurs in the received multicarrier signal, as described in the second 
embodiment. 

[0124] The amplitude limit operation due to the nonlinear characteristics of the amplifier or the like can be modeled 
so as noise of -0.4V added to an input signal waveform of +1 .8V, as shown in FIG. 10C. Hence, when the modeled additive 
noise is represented by e, an output signal block v from the reception circuit 21 is given by 

v = x+ e 

55 [0125] This received block signal is converted into a digital signal by the A/D 22 and converted into N (N = 8) parallel 
signals v by an S/P 23. After this, each signal is input to an N-point, i.e., 8-point DFT 24 as one signal block 

vi(i = 0, 1 7) 
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The DFT 24 converts the eight received block signals y on the time axis into signals on the frequency axis. 
[0126] The received block signal V output from the DFT 24 becomes a received information signal X through a can- 
celer (CAN) 43 to be described later. Priority information signals X0 and X1 are input to a first demapping circuit 
(DMAP1) 41, and non-priority information signals X2 to X7 are input to a second demapping circuit (DMAP2) 42. The 
5 first demapping circuit (DMAP1) 41 demaps the priority information data XO and X1 mapped on signal points by QPSK 
to reproduce the priority information data. The second demapping circuit 42 demaps the non-priority information signals 
X2 to X7 mapped on signal points by 16QAM to reproduce the priority information data. 

[0127] The canceler (CAN) 43 performs processing of estimating an additive noise when the received information sig- 
nal X is to be estimated from the received block signal V. The procedure and contents of this estimation processing will 
io be described below. 

[0128] The output signal block V from the DFT 24 is given by 

V = X+E 

is However, 

E = (E0E1 ... EN-1)T 

is obtained by performing discrete Fourier transform of additive noise e corresponding to the nonlinear distortion. In this 

20 case, 

(V0 V1 ... V2t-1)T 

is a signal component obtained by QPSK-modulating the priority information bit string a. so it can be assumed that the 
25 reproduced information bit string contains no error. Whether the bit string contains an error can be easily determined 
by adding a bit for error detection to the transmission information data. 

[0129] The priority information data a containing no error, which is reproduced by the first demapping circuit 41, is 
input to a mapping circuit (MAP) 44 again and remodulated into a QPSK signal again and then fed back to the CAN 43. 
On the basis of the QPSK-moduiated signal of the fed back priority information signal a 

30 

(XO X1 ... X2t-1)T 
(E0 E1 ... E2M)T 

35 the CAM 43 estimates 

Ek= Vk-Xk, k = 0, 1 2M 

[0130] Let v (v =i 2t) be the number of nonzero elements of the N elements (ei, i = 1 , 2, .... N-1) of the noise block e, 
40 and in. n = 1. 2, .... v be the positions. The position polynomial A(x) of the noise is defined as equation (3) in the first 
embodiment. In this case. AO = 1. 

[0131] Discrete Fourier Transform of (AO, A1 Av) yields 

X\ = (1/N)A(o-i) 

45 

At this time, the relationship represented by equation (4) holds. 
[0132] As described above, since 

Ek= Vk-Xk, kr=0, 1 2t-1 

so 

has already been estimated, 

Ak, k s 0, 1 v 

55 can be calculated, so the position of the additive noise can be specified. 
[0133] Next, 

Ek, k = 2t, 2t+1, .... N-1 
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is derived from Ak, k = 0, 1 vand Ek, k= 0, 1, .... 2M. 

[0134] When the number v of additive noise components is equal to or smaller than L the positions and magnitudes 
of additive noise components are estimated by the canceler (CAN) 43. When the estimated noise signal Ek, k = 2t, 2t+1 , 
.... N-1 is subtracted from the received signal Vk, k = 2t, 2t+1 t .... N-1, the non-priority information bit string Xk, k = 2t, 

5 2t+1 N-1 can be obtained. 

[01 35] A method of estimating the positions and magnitudes of additive noise components when the number v of addi- 
tive noise Components is equal to or smaller than t has been described above. A method of estimating the magnitudes 
of 2t noise components when the number v of additive noise components is equal to or smaller than 2t, and the posi- 
tions of noise components has already been estimated will be described below. 

io [0136] When the additive noise block e is modeled as the nonlinear operation of the amplifier in the reception circuit 
21, the positions and number of signals in which the nonlinear operation has occurred can be specified- More specifi- 
cally, of the N elements of the additive noise block e, elements corresponding to positions where the nonlinear operation 
has occurred are nonzero elements, and the remaining elements are zero elements. However, the magnitudes of the 
nonzero elements are unknown and estimated by estimation processing later 

15 [0137] As described above, when the additive noise block e is modeled as the nonlinear operation of the amplifier in 
the reception circuit 21 , the positions and number of nonzero elements of the N elements (ei, i = 1, 2, .... N-1) of the 
additive noise block e can be detected by a detector (DET) 28. As a detection method, when a signal of a certain level 
or more is input, this signal is determined as a signal containing the nonlinear operation. 

[0138] Let v (v ^ 2t) be the number of nonzero elements, of the N elements (ei, i = 1, 2, .... N-1) of the additive noise 
20 block e, and ip, ^ = 1,2, .... v be the positions. The coefficient Ak, k= 0, 1, .... v of the position polynomial A(x) (equation 
(3)) of the noise can be directly calculated. From this coefficient Ak, k= 0, 1, .... v and Ek, k = 0, 1, 2t-1, Ek, k = 2t, 
2t+1 f .... N-1 can be calculated. 

[0139] When the number of additive noise components is equal to or smaller than 2t, the positions and magnitudes 
of additive noise components Ek are estimated by the CAN 43. When the estimated noise signal Ek, k = 2t, 2t+1 , N- 
25 1 is subtracted from the received signal Vk, k = 2t, 2t+1 , .... N-1 , the non-priority information bit string Xk, k = 2t, 2t+1, 
.... N-1 can be obtained. If the number of additive noise components is equal to or smaller than 2t or the number of sym- 
bols, the additive noise components cannot be estimated, so the CAN 43 does not perform processing for estima- 
tion/cancel. 

[0140] As described above, in the third embodiment, of a pieces of information data having different priorities and to 
30 be hierarchically transmitted, priority information data transmitted using the QPSk modulation scheme which is rela- 
tively robust to degradation in transmission quality is used, and additive noise corresponding to a nonlinear distortion 
generated in a received multicarrier signal due to the nonlinear characteristics of the reception circuit 21 is estimated 
and canceled by the CAN 43 arranged on the output side of the DFT 24. 

[0141] According to this embodiment, even when a nonlinear distortion occurs in the received multicarrier signal due 
35 to the nonlinear characteristics of the amplifier or the like in the reception circuit 21 , this nonlinear distortion can be esti- 
mated and removed as additive noise. Hence, high-quality received information data can be reproduced without using 
any expensive amplifier with a wide linear operation range. 

[0142] In addition, since the additive noise is estimated using a highly reliable priority information signal as a redun- 
dant signal, no training signal or other redundant signal need be newly transmitted. For this reason, the above effect 
40 can be obtained without lowering the transmission efficiency. 

[0143] In the third embodiment, a description has been made assuming that the nonlinear distortion is generated only 
in the receiving-side transmission apparatus. However, a nonlinear distortion generated in the transmitting-side trans- 
mission apparatus can also be estimated and canceled together with the clip distortion generated on the receiving side. 
In this case, the DET 28 detects the positions and number of nonlinear distortions white regarding that additive noise is 
45 added to the reception multicarrier signal when the signal level of the reception multicarrier signal is equal to or slightly 
lower than the voltage at the boundary at which a nonlinear distortion occurs on the transmitting side. 

[0144] In the third embodiment, Xk, k = 0, 1 2M of one signal block is defined as priority information. However, 

the positions of the pieces of priority information in the block are not limited to these positions and can be arbitrarily set 
as far as they are set at 2t consecutive positions. For example, when the cyclic structure of the DFT is taken into con- 
so sideration, the pieces of information may be placed at two ends of the block. 

[0145] The positions of the pieces of priority information in the block may be changed over time. With this arrange- 
ment, even when frequency selective fading occurs in the transmission channel and largely degrades the signal having 
a specific frequency, the characteristics can be improved. However, to realize this, the priority information position 
change rule must be defined between the transmitting and receiving sides. Alternatively, information representing a 
55 change must be transmitted from the transmitting side to the receiving side or from the receiving side to the transmitting 
side for every transmission. 

[0146] The scheme of modulating the priority information data or non-priority information data is not limited to QPSK 
or 16QAM. 
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(Fourth Embodiment) 

[0147] In the third embodiment, additive noise is estimated in units of signal blocks and canceled by subtraction This 
scheme assumes only additive noise as a model of the nonlinear operation, which has no nonlinearity within the linear 

5 operation range of the reception circuit 21, and this case does not always coincide with an actual case In an actual 
case, since nonlrneanty to some extent is observed even within the linear operation range of the reception circuit 21 
and random additive noise is also present, the estimated value of additive noise has an error. 
[0148] In the fourth embodiment of the present invention, the additive noise is not directly subtracted by the CAN 43 
unhke the third embodiment Instead, the nonlinear distortion is canceled by the following processing. 

io [0149] FIG. 12A is a block diagram showing a transmitting-side transmission apparatus according to the fourth 
embodiment. FIG. 12B is a block diagram showing a receiving-side transmission apparatus according to the fourth 
embodiment. The same reference numerals as in FIGS. 1 1 A and 11B denote the same parts in FIGS 12A and 12B 
and a detailed description thereof will be omitted. 

[01 50] More specifically, as in the second embodiment, an estimater (EST) 45 performs IDFT processing for an esti- 
is mated noise block 

E = (E0E1 ... EN-1)T 

in the frequency domain to obtain 
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e = (e0e1 ... eN-1)T 

on the time axis. This is an additive noise model having nonlinear characteristics. 
[0151 ] When a signal having a voltage value x is received as 

v = x - e 

J! 9 " 3 * bl ° Ck com P risin 9 N Sl '9 nals - th ' s « modeled as additive noise having a voltage value -e. A compensator 
(CMP) 46 is inserted between an A/D 22 and an S/P 23. The CMP 46 multiplies the received signal value v by a g.^in 

g(v) = 1 + e/v 

The voltage value x is given by 

x = v + e 

as a correct signal. 

[0152] Considering that the estimated noise contains an error, a coefficient a (a < 1) is set as follows to gradually 
correct the estimated value: y y 

g(v) s 1 + ae/v 

[0153] When the above-described noise estimation is repeated for a plurality of signal blocks, the relationship of the 
correction gain g(v) and various reception voltage values v as shown in FIG. 9 is obtained. When the gains g(v) with 
respect to the voltages y are smoothly connected, the input-to-output characteristics of a CMP 29 can be obtained 
[01 54] In the fourth embodiment, priority information data a reproduced by a demapping circuit 41 is remapped by a 
mapping circuit 44 and supplied to the estimater (EST) 45. The EST 45 estimates additive noise due to a nonlinear dis- 
tortion using the remapped priority information data. In addition, the compensator (CMP) 46 is inserted between the 
A/D 22 and the S/P 23. Correction input-to-output characteristics for compensating for the nonlinear characteristics of 
the reception circuit 21 are set in the CMP 46 on the basis of the additive noise estimation result by the EST 45, thereby 
compensating for the nonlinear distortion of the reception multicarrier signal by the CMP 46. 

[01 55] According to this embodiment, the nonlinear distortion of the reception multicarrier signal can be compensated 
for m consideration of not only the nonlinear characteristics of the reception circuit 21 but also small nonlinearity present 
within the linear operation range or random additive noise. Hence, high-quality reception information data can be repro- 
duced. In this embodiment as well, of pieces of information data hierarchically transmitted, the remapped data of the 
priority information data a which is robust against degradation in transmission quality is used as redundant data to esti- 
mate the nonlinear distortion. No training signal or new redundant data need be used, so the nonlinear distortion can 
be estimated and canceled without lowering the transmission efficiency. 
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[01 56] In the above embodiment, to obtain priority information data robust against degradation in transmission quality, 
a modulation scheme such as QPSK which decreases the number of multivalued data to increase the distance between 
signal points is employed. However, the modulation scheme is not limited to this, and a powerful error correction coding 
scheme with larger signal power setting may be employed. 

5 [0157] In the fourth embodiment, a description has been made assuming that the nonlinear distortion is generated 
only in the receiving -side transmission apparatus. However, a nonlinear distortion generated in the transmitting-side 
transmission apparatus can also be estimated and canceled together with the nonlinear distortion generated on the 
receiving side. In this case, the DET 28 detects the positions and number of nonlinear distortions while regarding that 
additive noise is added to the reception multicarrier signal when the signal level of the reception multicarrier signal is 

io equal to or slightly lower than the voltage at the boundary at which a nonlinear distortion occurs on the transmitting side. 

(Fifth Embodiment) 

[0158] In the fifth embodiment of the present invention, inverse discrete Fourier transform (IDFT) and discrete Fourier 
75 transform (OFT) are used not only to generate an OFDM signal comprising N carrier signals but also to estimate and 
cancel an additive distortion in a transmitting-side transmission apparatus. 

[01 59] Additionally, the additive distortion is estimated and canceled using, as redundant signals, zero symbol carriers 
arranged at two end portions of the OFDM signal. 

[0160] This embodiment will be described below in detail with reference to the accompanying drawings. A description 
20 will be made assuming that the number N of multicarriers is 8, and two null signals are inserted to each of the two end 
portions of the transmission band as known redundant signals between the transmitter and receiver. 
[0161] FIGS. 13 and 14 are block diagrams showing transmitting- and receiving-side transmission apparatuses 
according to this embodiment, respectively. The same reference numerals as in FIGS. 2A and 2B denote the same 
parts in FIGS. 13 and 14. 

25 [01 62] In the transmitting-side transmission apparatus, four pieces of information data are input to a modulator (Modu) 
10 and mapped in a complex signal point space in accordance with a modulation rule of PSK or QAM. Four modulated 
information signals X2, X3. X4, and X5 are input to an 8-point IDFT 1 1 together with four redundant signals X0, X1 , X6, 
and X7 as null signals as a transmission block signal (X0 X1 ... X7) comprising eight elements. The IDFT 11 converts 
the transmission block signal from a signal on the frequency axis into signals on the time axis and outputs the converted 

30 signals as transmission block signals (xO x1 ... x7). In this case, 

X m = 8^> X k ,m-0, 1 7 (5) 

k=0 

35 

[0163] The transmission block signals (xO x1 ... x7) on the time axis are converted from parallel signals into a serial 
signal by a parallel/serial converter (P/S) 12, converted into an analog signal by a digital/analog converter (D/A) (not 
shown), frequency-converted into a radio frequency in the transmission band and amplified to a predetermined trans- 

40 mission power level by a transmitter (TX) 14, and transmitted from an antenna to a channel. 

[0164] In the receiving-side transmission apparatus, the multicarrier signal sent through the channel is received by a 
receiver (RX) 21, frequency-converted into a baseband signal, converted into a digital signal by an analog/digital con- 
verter (A/D) (not shown), and input to a serial/parallel converter (S/P) 23. The S/P 23 converts the received signal into 
parallel received block signals (wO w1 ... w7). Assuming that additive noise components (eO e1 ... eN-1) are added 

45 through the transmission system, the received block signals (wO w1 ... w7) are represented by 

wm = xm + em, m = 0. 1 , .... 7 
[0165] Received block signals wm are input to an 8-point DFT 24 as (yO y1 ... y7). That is 

50 

ym = wm, m = 0, 1 , 7 

The DFT 24 converts received block signals ym from signals on the time axis into signals on the frequency axis and 
outputs them as (YO Y1 ... YN-1). In this case, 

55 

Y k = X e " i2 " mk/8 ym.k = 0,1 7 (6) 

m=0 
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[01 66] The output from the DFT 24 is represented as 

Yk = Xk+Ek, k = 0, 1, .... 7 
In this case, (EO E1 ... E7) is the DFT output of additive noise. If the additive noise is zero, 

Yk=Xk,k = 0, 1 7 

When Y2, Y3, Y4, and Y5 are input to a demodulator (Demod) 30, transmission information data is reproduced 
[0167] The transmission block signal is generated by multiplexing eight signals on the frequency axis. As the number 
of multiplexed signals (N) is large, the amplitude variation becomes large. 

[0168] The transmitter or receiver has various analog circuits such as a digital/analog converter, an analog/digital con- 
verter, and an amplifier. These analog circuits have limited linear operation range of the signal amplitude, and a distor- 
tion occurs in a signal with an amplitude larger than a certain value. In a digital/analog converter or analog/digital 
converter, the operation range is limited by the number of bits. An increase in the linear operation range or accuracy of 
an analog circuit results in an increase in cost, and this poses a serious problem. 
[01 69] The amplitude limit operation due to the nonlinear distortion can be modeled as noise added to an input signal 
as shown in FIGS. 10A to 10C. Hence, when the amplitude limitation due to nonlinearity is modeled as the sum of the 
transmission block signals (xO x1 ... x7) and noise components (eO e1 ... e7), output block signals (wO w1 w7) from 
20 the nonlinear circuit can be represented as 

wm = xm + em, m = 0, 1, .... 7 

[0170] As an example, assume that additive noise is the model of the nonlinear operation of the amplifier in the 
receiver. Since it can be assumed that the nonlinear operation occurs for a signal having a large amplitude, the posi- 
tions and number of signals in which the nonlinear operation has occurred can be specified. 

[0171] The positions and number of nonzero elements of the eight elements (eO el ... e7) of the noise are estimated 
to be equal to the positions and number of sample points of a received signal of a certain level or more by a detector 
(Det) 56. However, the magnitude of each nonzero element is unknown and estimated by estimation processing later 

so [01 72] In this embodiment, the transmission block signal Xk, k = 0, 1 7 is estimated from the received block signal 

Yk, k = 0, 1 7 output from the DFT 24. 

[0173] Referring to FIG. 14, when all elements of the received block signal wm, m = 0, 1 , .... 7 input from the S/P 23 
to the detector 56 have levels lower than a predetermined level, it is regarded that no noise is added i e noise em = 
0, m = 0, 1, .... 7, and switches S10, Si 1. .... S1 7 of a first switch circuit (Sw1) 51 are connected to contacts indicated 
35 by hollow bullets. For this reason, 

ym = wm = xm, m = 0, 1 7 

is input to the DFT 24, and consequently, the DFT 24 outputs Yk = Xk, k = 0, 1 7 on the basis of 

7 

Y K=Z e y m .*< = o, 1 7 (7) 
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[01 74] At this time, all switches S22, S23, S24, and S25 of a second switch circuit (Sw2) 52 are connected to contacts 
on the hollow bullet side. For this reason, of the received block signals output from the DFT 24. Y2, Y3, Y4 and Y5 cor- 
responding to information signals are input to the demodulator (Demod) 30 and demodulated to reproduce the informa- 
tion data. 

[0175] Switching of the first and second switch circuits (Sw1 and Sw2) 51 and 52 is controlled by the detector 56 
[0176] Assume that w3 and w6 of the elements of the received block signal wm, mm * 0. 1 ..... 7 input from the S/P 
23 to the detector 56 exceeds a predetermined amplitude level. That is, assume that the elements w3 and w6 contain 
additive noise due to nonlinear distortions. 

[0177] In this case, first, all the switches S10, S1 1 S17 of the first switch circuit (Sw1) 51 are temporarily con- 

55 nected to the contacts represented by hollow bullets, so 

ym = wm, m = 0, 1 7 
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is input to the DFT 24 as an initial value. Steps 1 and 2 are repeated as follows. 
(Stepl) 

[0178] All the switches S22, S23, S24, and S25 of the second switch circuit (Sw2) 52 are connected to contacts on 
the bullet side. For this reason, the elements YO, Y1 , Y2, Y3, Y4, Y5 ( Y6, and Y7 of the received block signal Yk output 
from the DFT 24 are input to an IDFT 54. At this time, of the elements of the received block signal, Y2, Y3, Y4 ( and Y5 
corresponding to information signals are directly input to the IDFT 54 while YO, Y1 , Y6, and Y7 corresponding to redun- 
dant signals are multiplied by a coefficient c by a multiplier 53 to input 

Vk = eYK k s 0, 1 , 6, 7 



to the IDFT 54. 

[0179] The coefficient t is set to be 0 in accordance with the known redundant signals (null signals). Hence, of the 
is elements of the received b|pck signal, YO, Y1 , Y6, and Y7 are multiplied by t = 0 by the multiplier 53, set to be 0, and 
input to the IDFT 54. More specifically, even when the elements YO, Y1 , Y6, and Y7 output from the DFT 24 contain 
additive noise due to nonlinear distortions, these elements are replaced with the known redundant signals (null signals) 
as the original values. 

[0180] In actual transmission, in consideration of not only the additive noise as the model of the nonlinear operation 
20 but also random additive noise due to the transmission channel condition, e * 0 is set to give a very small value. 

(Step 2) 

[0181] The IDFT 54 converts the received block signal 

Vk, k = 0. 1.....7 

in which Y0. Y1 , Y6, and Y7 are replaced with the redundant signals (null signals) as the original values from the signal 
on the frequency axis into a signal on the time axis again and outputs it as 

» m =Se^Y, m = 0,1 7 (8) 

k=0 

35 

[0182] At this time, in a third switch circuit (Sw3) 55, only switches S33 and S36 corresponding to the elements w3 
and s6 from which additive noise is detected are connected to contacts on the bullet side, and the remaining switches 
are connected to contacts on the hollow bullet side under the control of the detector 56. At the same time, all the 
switchesSlO, Sll, .... Si 7 of the first switch circuit (Swl) 51 are connected to the contacts on the bullet side. For this 
40 reason, 

ym = Wk, k = 0. 1,2, 4, 5,7 

and 

ym = Vk, k = 3, 6 



are input to the DFT 24. 

[0183] More specifically, this time, of the received block signals wO, w1 , .... w7, the signal elements w3 and w6 influ- 
50 enced by the nonlinear operation are replaced with the signal elements v3 and v6 obtained when the redundant signals 
are replaced with null signal by the multiplier 53 and reconverted by the IDFT 54, i.e., the signals ym are input to the 
DFT 24 and converted into signals on the time axis. 

[0184] Steps 1 and 2 are repeated a predetermined number of times. When the repetitive processing is ended, all the 
switches S22. S23, S24, and S25 of the second switch circuit (Sw2) are switched to the contacts on the bullet side by 
55 the detector 56. As a result, of the received block signals output from the DFT 24, Y2, Y3, Y4, and Y5 corresponding to 
the information signals are input to the demodulator (Demod) 30 to reproduce the information data. 
[0185] The detector 56 or a control section equivalent to the detector 56 determines whether, of the signal elements 
contained in the received block signal output from the S/P 23, the number of signal elements added with nonlinear dis- 
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tortions over a predetermined level is larger than, equal to, or smaller than "4" or the number of redundant signals 
inserted on the transmitting side. When the number of signal elements is equal to or smaller than "4 M or the number of 
redundant signals, operation of steps 1 and 2 is executed. When the number of signal elements is larger than "4 n or the 
number of redundant signals, the estimation error becomes large, so another processing may be performed instead of 
processing of steps 1 and 2. 

[0186] As described above, in this embodiment, the IDFT and DFT are used not only to multiplex and demultiplex N 
signals but also to estimate and cancel additive noise in the receiving-side transmission apparatus. Even when a signal 
error due to nonlinearity or the like of the transmission apparatus is contained in the received multicarrier signal, this 
signal error is corrected by correction processing using the DFT 24 and IDFT 54. In addition, 2t redundant signals used 
for this correction processing are null signals which have been inserted into the transmission block signal in advance 
but are not newly added. For this reason, an independent training signal need not be inserted into the transmission 
block signal for correction, so the transmission efficiency is not lowered. 

(Sixth Embodiment) 



[0187] In the sixth embodiment of the present invention, the apparatus described in the fifth embodiment is further 
improved. The number of signal points of a DFT and IDFT used to correct a signal error due to nonlinearity is decreased 
to reduce the calculation amount required for correction processing. 

[0188] More specifically, assume that a signal block (yO y1 ... yN-1) comprising N elements is input to an N-point DFT 
to obtain a received block signal (YO Y1 ... YN-1) on the time axis as 

N-1 

Y h = 2> mk y m .k = 0.1 N-1 (9) 

m=0 

-j2n/N 

a = e 

[0189] Subsequently, when N = KM, 



u m = y m + y m+M + ... + » m+{K _ 1)M (10) 

K-1 

= ZymffM' mB °- 1 M " 1 

At this time, when a signal block (uO u1 ... uM-1) comprising M elements is input to an M-point DFT, a signal block (U0 
U1 ... UM-1) output from the DFT is represented by 

M-1 

. mk 



U k = £ P u m ,k=0.1 M-1 (H) 

m=0 



p = e -j2,/M 



This equation can be rewritten as follows: 



M-1 K-1 

U k = S P mk I>nH f M (12) 
MK-r 0 f =° 
P u m 

m=0 
NI-1 

= £a mkK u m ,k = 0, 1 M-1 

m=0 
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From this equation, a relationship 

Uk = TkK, k = 0, 1, .... M-1 

5 can be obtained. 

[0190] This means that M elements (Y0 Y1 ... Y(M-1)K) of a signal block (Y0 Y1 ... YN-1) comprising N elements are 
obtained from the output (U0 U1 ... UM-1) from the DFT when (uO u1 ... uM-1) are input to the M-point DFT. In this 
embodiment, an importance is placed on this point, and the calculation amount is decreased. 

[0191] FIG. 15 is a block diagram showing the arrangement of a receiving-side transmission apparatus according to 
10 the sixth embodiment of the present invention. The same reference numerals as in FIG. 14 denote the same parts in 
FIG. 15. 

[0192] A case wherein N = 8, M - 4, and K = N/M = 2 will be described below. 

[0193] A received block signal wm, m = 0, 1 , .... 7 output from an S/P 23 is input to a detector (Det) 65 to determine 
the amplitude level. When all elements of the received block signal wm have amplitudes smaller than a predetermined 
is amplitude level, it is determined that no nonlinear operation is added, i.e., em = 0, m = 0, 1 , .... 7, and all switches S10, 
S1 1 , .... S17 of a first switch circuit (Sw1) 61 are connected to contacts on the hollow bullet side. For this reason, the 

received block signal wm, m = 0, 1 , .... 7 output from the S/P 23 is input to a DFT 24 as ym, m = 0, 1 7 and converted 

from a signal on the time axis into a signal Ym, m = 0, 1, .... 7 on the frequency axis. 
[01 94] More specifically, in this case, 

20 

ym - wm = xm, m = 0, 1 , .... 7 
and Yk » Xk, k = 0, 1, .... 7 is obtained from the DFT 24 on the basis of 

Y k -£.^y M .k-0.1...:.7 (13) 

m=0 



30 Of the received block signal Yk = Xk,k=0. 1, .... 7 output from the DFT 24, four signals Y2, Y3, Y4, and Y5 correspond- 
ing to information signals are input to a demodulator (Demod) 30 and demodulated to reproduce information data. 

[0195] Assume that any one of elements of the received block signal wm, m = 0, 1 7 input from the S/P 23 to the 

detector (Det) 65 has an amplitude larger than a predetermined amplitude level due to the nonlinear operation of a 
receiver 21. A description will be made herein assuming that, e.g., elements w3 and w6 have amplitudes larger than a 

35 predetermined level. 

[0196] In this case, all switches S30, S31 , S32, and S33 of a third switch circuit (Sw3) 63 are temporarily connected 
to contacts indicated by hollow bullets, and 

um - wm + wm+4, m = 0, 1 , 2, 3 

40 

is input to a DFT 67 as an initial value. Steps 1 and 2 are repeated as follows. 
(Step 1) 

45 [01 97] From the 4-point DFT 67, 

U k = E e- j2nmk/4 ii m .k = 0. 1.2.3 (14) 

m=0 

50 

is output. The output signal from the DFT 67 is input to a 4-point IDFT 69. Of the elements of a signal Uk, k = 0, 1 , 2, 3 
input to the 4-point IDFT 69. two elements Uk, k = 1, 2 positioned inside are directly input to the IDFT 69 as Vk, k = 1, 
2. The two remaining elements Uk, k = 0. 3 positioned at the two ends are multiplied by a coefficient c by a multiplier 68 
55 and input to the IDFT 69 as Vk = c Uk, k = 0, 3. 

[0198] The coefficient c is set to be 0 to make Uk, k = 0. 3 of the outputs from the DFT 67 V0 = V3 = 0 in correspond- 
ence with known redundant signals (null signals). However, c * 0 is preferably set to give a very small value in consid- 
eration of the fact that assumption in which only additive noise as the model of the nonlinear operation, which has no 
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noniinearity, is taken into consideration within the linear operation range of the transmission system is not strictly estab- 
lished in an actual transmission channel. 

(Step 2) 

[01 99] From the 4-point IDFT 69, 

3 

e J V k( m«0, 1,2,3 (15) 

k=0 



is output.. At this time, switches S40 and S41 of a fourth switch circuit (Sw4) 64 are connected to contacts on the hollow 
bullet side, and remaining switches S42 and S43 are connected to contacts on the bullet side. Setting of these switches 
is is controlled by the detector 65. 

[0200] For this reason, two of the four signals input to the 4-point DFT 67 are 

um = wm, m = 0, 1 

20 The two remaining signals are 

um = vm, k = 2, 3 

The reason why the third and fourth switch circuits (Sw3 and Sw4) are set in the above way is as follows. Of the signals 
25 vm, m = 0, 1 , 2, 3 output from the 4-point IDFT 69, v2 and v3 are elements added with, the nonlinear operation, and the 
remaining vO and v1 are elements which are not added with the nonlinear operation. The true values are wO + w4 and 
w1 + w5. The elements are replaced with these values and input to the DFT 67. 

[0201 ] Steps 1 and 2 are repeated a predetermined number of times. When the repetitive processing is ended of the 
switches of the first switch circuit (Sw1 ), the switches S1 0. S1 1 , S1 2, S1 4, S1 5, and S1 7 are connected to the contacts 
so on the hollow bullet side, the switch S13 is connected to the rhombic contact, and the switch S16 is connected to the 
bullet contact. Simultaneously, the switch S23 of the second switch circuit (Sw2) is connected to the rhombic contact, 
and the switch S22 is connected to the bullet contact. 

[0202] Hence, wO, w1 , w2, u3, w4, w5, u2, and w7 are input to the DFT 24 and converted from signals on the time 

axis into signals on the frequency axis. Of the output signals Yk, k = 0, 1 7 from the DFT 24, Y2, Y3, Y4, and Y5 

35 corresponding to information signals are input to the demodulator (Demod) 30 and demodulated into information data. 
[0203] In the sixth embodiment, the positions and number of elements having large amplitudes added with the non- 
linear operation must be detected from the signals elements um, m = 0, 1, 2, 3. 
[0204] On the basis of 



um = wm + wm+4, m = 0, 1 , 2, 3 



um added with the nonlinear operation can be determined from wm(i) added with the nonlinear operation. When um is 
corrected by repeating steps 1 and 2 in the second embodiment, and one of the elements (wm wm+4) corresponding 
to um is added with the nonlinear operation, wm can be corrected from the one-to-one correspondence on the basis of 
45 the correction result. 

[0205] Generally, when one of the elements (wm wm+4 ... wm+(K-1)M) corresponding to um(i) is added with the non- 
linear operation, wm can be corrected from the one-to-one correspondence. 

[0206] As M becomes smaller, the calculation amount can be decreased by reducing the number of points of the DFT 
67 and IDFT 69 in steps 1 and 2. However, the probability that the one-to-one correspondence is established becomes 
low. Hence, when the number and positions of elements added with the nonlinear operation are detected, and the opti- 
mum value of M. i.e., the number of points of the DFT 67 and IDFT 69 in steps 1 and 2 is selected on the basis of the 
detection result, calculation can be efficiently performed. 



(Seventh Embodiment) 



[0207] In the seventh embodiment of the present invention, the apparatus of the sixth embodiment is further simpli- 
fied. A DFT and IDFT each having a smaller number of signal points are used, and only specific signal elements of a 
plurality of signal elements contained in a received multicarrier signal are corrected with their nonlinear distortions and 
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demodulated by a demodulator. 

[0208] FIG. 16 is a block diagram showing the arrangement of a receiving-side transmission apparatus according to 
the seventh embodiment of the present invention. The same reference numerals as in FIG. 15 denote the same parts 
in FIG. 16, and a detailed description thereof will be omitted. 

5 [0209] A received block signal wm, m = 0, 1 , .... 7 output from an S/P 23 is directly input to an 8-point DFT 24 and 
converted from a signal on the time axis into a signal Yk, k = 0, 1, .... 7 on the frequency axis. Of the received block 
signal Yk = Xk, k = 0, 1, .... 7 output from the DFT 24, four signals Y2, Y3, Y4, and Y5 corresponding to information 
signals are input to a demodulator (Demod) 30 and demodulated to reproduce all information data. However, the 
demodulated data are obtained by directly demodulating the signals without any correction even when nonlinear distor- 

io tions are contained in the received block signal output from the S/P 23. 

[021 0] All switches S30, S31 , S32, and S33 of a switch circuit (Sw3) 63 are temporarily initially set to contact indicated 
by hollow bullets. The elements of received block signal wm, m = 0, 1, 7 output from the S/P 23 are added by an 
addition circuit 66 and input to a DFT 67 as 

is um = wm + wm+4, m = 0, 1, 2, 3 

Processing of step 1 described in the sixth embodiment is performed. 

[0211] The output signals from the DFT 67 are input to a 4-point ID FT 69. Of signals Uk, k = 0, 1 , 2, 3 input to the 4- 
point IDFT 69, two elements Uk, k = 1, 2 positioned inside are directly input to the IDFT 69 as Vk, k = 1, 2. The two 
20 remaining elements Uk, k = 0, 3 positioned at the two ends are multiplied by a coefficient e as an control signal by a 
multiplier 68 and input to the IDFT 69 as Vk = e UK k = 0, 3. 

[021 2] The coefficient c is set to be 0 to make Uk, k = 0, 3 of the outputs from the DFT 67 V0 = V3 = 0 in correspond- 
ence with known redundant signals (null signals), as described in the fifth and sixth embodiments. However, e * 0 is 
preferably set to give a very small value in consideration of the fact that assumption in which only additive noise as the 
25 model of the nonlinear operation, which has no nonlinearity, is taken into consideration within the linear operation range 
of the transmission system is not strictly established in an actual transmission channel. 

[0213] Subsequently, processing of step 2 is executed. The received block signal on the time axis, which is repre- 
sented by equation (1 5), is output from the 4-point IDFT 69. At this time, switches S40 and S41 of a switch circuit (Sw4) 
64 are connected to contacts on the hollow bullet side, and remaining switches S42 and S43 are connected to contacts 
30 on the bullet side. All switches S30, S31 , S32, and S33 of switch (Sw3) 63 are connected to contacts on the bullet side. 
Setting of these switches is controlled by a detector 65. 
[0214] For this reason, two of the four signals input to the 4-point DFT 67 are 

ym = wm, m = 0, 1 

35 

The two remaining signals are 

ym = vm, k = 2, 3 

40 The reason why the switch circuits (Sw3 and Sw4) are set in the above way is as follows. Of the signals vm, m « 0, 1 , 
2, 3 output from the 4-point IDFT 69, v2 and v3 are elements added with the nonlinear operation, and the remaining vO 
and v1 are elements which are not added with the nonlinear operation. The true values are wO + w4 and w1 + w5. The 
elements are replaced with these values and input to the DFT 67. 

[0215] Correction processing of steps 1 and 2 is repeated a predetermined number of times. When the repetitive 
45 processing is ended, of signals U0, U1, U2, and U3 output from the DFT 67, two elements Uk, k = 1, 2 corresponding 
to information signals are input to a demodulator 70 and demodulated by the demodulator 70. These modulated data 
are corrected in their nonlinear distortions by repetitive correction processing of steps 1 and 2. 

[021 6] According to this apparatus, errors due to nonlinear distortions cannot be corrected for all symbols, unlike the 
sixth embodiment. However, for symbols corresponding to specific signal elements in the received block signal, errors 
so due to nonlinear distortions can be corrected. In addition, the circuit arrangement and control can be simplified because 
the first and second switch circuits shown in the sixth embodiment and switching control therefor are omitted. 

(Eighth Embodiment) 

55 [0217] In the eighth embodiment of the present invention, when information data is to be hierarchically transmitted 
from the transmitting side to the receiving side while classifying the data into priority data and non-priority data, in the 
transmitting-side transmission apparatus, the priority data are arranged at predetermined positions of signal elements 
of a transmission block signal, converted into signals on the time axis by an IDFT, and transmitted as multicarriers. On 
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the other hand, in the receiving-side transmission apparatus, the received block signal on the time axis is input to a DFT 
and IDFT with a smaller number of signal points than that of the above ID FT. After signal errors due to nonlinear distor- 
tions are corrected by repetitive correction processing by the DFT and IDFT, the signals are demodulated to reproduce 
only the priority data. 

5 [021 8] FIGS. 1 7 and 1 8 show the arrangement of a multicarrier transmission system according to the eighth embod- 
iment of the present invention. FIG. 17 shows the transmitting-side transmission apparatus, and FIG. 18 shows the 
receiving-side transmission apparatus. The same reference numerals as in FIGS. 13 and 16 denote the same parts in 
FIGS. 17 and 18, and a detailed description thereof will be omitted. 

[0219] In the transmitting-side transmission apparatus, of four information data hits DO, D1, D2. and D4 input to a 
w modulation circuit 1 0, priority data are arranged at DO and D2, and non-priority data are arranged at D1 and D3. As the 
priority data, important data necessary for video signal reproduction, e.g., the information of the DC component or low- 
frequency component of a video signal are assigned. As the non-priority data, information data which is not always nec- 
essary for video signal reproduction but is used to obtain a higher video quality, e.g., a high-frequency component of a 
video signal is assigned. 

75 [0220] The priority data and non-priority data assigned to signal positions are mapped in a complex signal space in 
accordance with the modulation rule of PSK or QAM by the modulator (Modu) 10, and input to an 8-point IDFT 1 1 as a 
transmission block signal (X0 X1 ... X7) comprising eight elements together with four redundant signals as null signals. 
The IDFT 1 1 converts the transmission block signal from a signal on the frequency axis into a signal on the time axis. 
Transmission block signals (xO x1 ... x7) are converted from parallel signals into a serial signal by a parallel/serial con- 

20 verter (P/S) 12, converted into an analog signal by a digital/analog converter (not shown), and transmitted from a trans- 
mitter (TX) 14 to a transmission channel. 

[0221 ] In the receiving-side transmission apparatus, the multicarrier signal transmitted through the transmission chan- 
nel is received and frequency-converted into a baseband signal by a receiver (RX) 21 , converted into a digital signal by 
an analog/digital converter (not shown), and converted into parallel received block signals (wO w1 ... w7) by a serial/par- 
25 allel converter (S/P) 23. The received block signal (wO w1 ... w7) is input to a detector (Det) 65 to determine the ampli- 
tude level. 

[0222] The received block signal (wO w1 ... w7) is also input to an addition circuit 66. Signal elements wO and w4! w1 
and w5. w2 and w6, and w3 and w7 are added into signals u0 ( u1 , u2, u3 comprising four signal elements. A signal com- 
prising four signal elements uO, ul, u2, u3 is input to a 4-point DFT 67 through a switch circuit 63 and converted into 

30 signals on the frequency axis. Of the signals Uk, k = 0, 1 , 2, 3 input to the 4-point IDFT 69, two elements Uk k = 1 2 
positioned inside are directly input to the IDFT 69 as Vk, k = 1 , 2. The two remaining elements Uk, k = 0, 3 positioned 
at the two ends are multiplied by a coefficient e by a multiplier 68 and input to the IDFT 69 as Vk = e Uk, k = 0, 3. The 
coefficient c is set to be 0 in correspondence with redundant signals ( null signals). Under the actual transmission con- 
dition, various kinds of noise are contained, so the coefficient c is set in consideration of the noise components 

35 [0223] Assume that of signals vm, m = 0, 1 , 2. 3 output from the 4-point IDFT 69. v2 and v3 are elements added with 
the nonlinear operation, and the remaining vO and v1 are elements which are not added with the nonlinear operation 
In this case, switches S40 and S41 of a switch circuit (Sw4) 64 are connected to contacts on the hollow bullet side, and 
remaining switches S42 and S43 are connected to contacts on the bullet side by the detector 65. All switches S30, S31 , 
S32, and S33 of the switch (Sw3) 63 are connected to contacts on the bullet side. 

40 [0224] For this reason, two of the four signals input to the 4-point DFT 67 is 



45 



urn = wm, m = 0, 1 

The two remaining signals are 

um = vm, k = 2, 3 



More specifically, by switching the switch circuits 64 and 63, of the signals output from the S/P 23, signal elements con- 
taining the influence of nonlinear distortions are replaced with signal elements corrected by the multiplier 68 and IDFT 
so 69 and input to the DFT 67. 

[0225] Of the signals reconverted into signals on the frequency axis by the DFT 67, signal elements U1 and U2 are 
input to a demodulator 70 and demodulated into reproduced data of the priority information. 

[0226] According to this? embodiment, in the receiving-side transmission apparatus, the priority data can be corrected 
by the correction circuit having the 4-point DFT 67 and IDFT 69 and then demodulated. More specifically, of a number 
55 of information data of a video signal, at least the priority data can be corrected with a small calculation amount using 
the DFT and IDFT having a smaller number of signal points and reproduced. Hence, the calculation amount in the 
receiving-side transmission apparatus can be largely reduced while allowing at least information reproduction based on 
the priority information. 
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[0227] In the above description, in the transmitting-side transmission apparatus, the priority data are inserted at DO 
and D2. However, the priority data may be inserted at D1 and D3 and transmitted. In this case, however, the receiving- 
side transmission apparatus need have a multiplier for multiplying the data by a predetermined coefficient on the input 
side of the adder 66. 

5 

(Other Embodiments) 

[0228] In the fifth and sixth embodiments, repetitive processing of steps 1 and 2 is performed a predetermined number 
of times. However, by monitoring whether the level of a signal element, which is higher than a predetermined level due 
10 to the nonlinear operation, lowers to the predetermined level or less by repetitive processing, the repetitive processing 
may be ended at the time point when the decrease is detected. 

[0229] In the sixth embodiment, the repetitive processing operation of steps 1 and 2 is executed always using the 4- 
point DFT 67 and ID FT 69 having a smaller number of points than the number of signals N (N = 8). However, when only 
one of the two symbols to be added by the adder 66 is influenced by the nonlinear operation, the repetitive processing 
15 may be executed using the DFT and IDFT having a smaller number of points. When both symbols are influenced by the 
nonlinear operation, the DFT 24 and IDFT 54 having points (eight points) equal in number to the number of signals N 
may be selected to execute the repetitive processing. 

[0230] In each of the sixth, seventh, and eighth embodiments, the number of signal elements of a transmission or 
received block signal is 8, and calculation for correcting errors due to nonlinear distortions is performed using the 4- 
20 point DFT and IDFT. However, the number of signal points is not limited to this. 

[0231] As described above, according to the present invention, inverse orthogonal transform such as inverse discrete 
Fourier transform and orthogonal transform such as discrete Fourier transform are used not only to multiplex and sep- 
arate a multicarrier transmission signal to be transmitted by N carriers but also to estimate and cancel signal distortions 
generated in the multicarrier transmission signal due to the nonlinear characteristics of the transmitting- or receiving- 
's side apparatus. With this arrangement, the transmitting- or receiving-side apparatus need not use an expensive circuit 
having a sufficiently wide linear operation range. Hence, a multicarrier transmission apparatus capable of reproducing 
high-quality information data with an inexpensive arrangement can be provided. 

[0232] In addition, as redundant data used to estimate the signal distortions, zero symbols arranged at two end por- 
tions of each signal block to prevent interference to the near-by band or, of information data to be hierarchically trans- 
30 mitted, priority information data designed to be robust against transmission errors is used. Since a special training 
signal or other redundant data can be omitted, a multicarrier transmission apparatus capable of holding high transmis- 
sion quality of information data without lowering the transmission efficiency can be provided. 

< Ninth Embodiment > 

35 

[0233] FIGS. 19A and 19B respectively show the arrangements of transmitting and receiving sides of an OFDM 
(Orthogonal, Frequency Division Multiplex: orthogonal frequency division multiplex) transmitter/ receiver according to 
the ninth embodiment of the present invention. 

[0234] On the transmitting side shown in FIG. 19A, an 8-point inverse discrete Fourier transform (IDFT: Inverse Dis- 
40 crete Fourier Transform) 1 02 converts a signal block C = [C 0 C-( ... C 7 ] T in the frequency domain, which comprises eight 
parallel information signals, into the block C = [C 0 ... C 7 ] T in the time domain. A relation 

7 

c m = i2>' m,<C K.ni = 0,1 7. 

45 k=0 



holds, and a = e" J .In addition, Q T represents transposition of the block Q. 

[0235] Of the elements of an input block of the IDFT 102, C3 and C 4 are assigned to high-priority layers (High layer), 
so and the remaining Go, C-j, C21 C5, Cg, and C7 are assigned to low-priority layers (Low layer). 

[0236] The high-priority layer stores the most important information to be always reproduced on the receiving side, 
and the low-priority layer stores information with low importance, which need not always be reproduced on the receiving 
side. 

[0237] For example, in video coding, high-priority information includes synchronization information, control informa- 
55 tion, movement prediction information, or the low-frequency coefficient of discrete cosine transform (DCT: Discrete 
Cosine Transform). These pieces of information are essential for decoding because if one of them is omitted, decoding 
is disabled, resulting in a fatal problem. 

[0238] On the other hand, the low-priority information includes the high-frequency coefficient of DCT or the like. When 



26 



EP 0 942 547 A1 



such information is omitted in decoding, the reproduction quality is degraded to some degree although decoding is not 
disabled. 

[0239] The information data of high-priority layers are assigned to complex signal points called a 4PSK (Phase Shift 
Keying) constellation by a mapping device 101b. 
s [0240] The low-priority layers are assigned to a 64QAM (Quadrature Amplitude Modulation) constellation by mapping 
devices 101a and 101c. 

[0241 ] The 4PSK has a longer distance between signal points than that of the 64QAM. For this reason, the probability 
that the data information can be reliably reproduced even when the positions of received signal points are shifted by 
noise or distortion is high, although the transmission efficiency is low. 
io [0242] The signal block C = [C 0 C 1 ... c 7 ] T in the time domain, which is output from the IDFT 102, is converted into a 
serial multicarrier symbol in the baseband by a parallel-serial converter (Parallel-Serial converter: PS) 103. 
[0243] : The serial multicarrier symbol in the baseband is sent to a transmission channel through a transmitter (Tra) 
104 comprising a digital-analog converter (Digital -Analog converter: DA), an amplifier, a frequency converter, and the 
like. 

is [0244] On the receiving side shown in FIG. 1 9B, the received signal is passed through a receiver (Rec) 1 1 1 compris- 
ing a frequency converter, an amplifier, an analog-digital converter (Analog- Digital converter: AD) and the like, and con- 
verted into a parallel signal block v = [vO v1 ... v7] T by a serial-parallel converter (Serial-Parallel converter: SP) 112. 
[0245] The elements of the parallel signal block v = [vO v1 ... v7] T are degraded due to the nonlinear characteristics 
of the transmission system. 

20 [0246] An input block y - [yO y1 ... y7] T to an 8-point DFT 1 14 is defined, and an output block Y = [Y0 Y1 ... Y7] T is 
also defined. A relation 



25 



7 
m=0 



mk 



k = 0, 1, 



holds. 

[0247] When each of s-, t m , m = 0, 1 , .... 7 is connected to "O "by a switch Sw n to input the SP output to the 8-point 
30 DFT, 

ym = v rrv m = 0. 1 7, 

The output from the 8-point DFT 1 1 4 is represented by 

35 

Y k = V k ,k = 0,1 7, 

For 



40 



7 



V k = J«\,k.0,1 7. 

m=0 



45 When each of s 2 m , m = 0. 1, .... 7 is connected to "O" by a switch Sw 2 , the outputs Y k , k = 0, 1, .... 7 are input todem- 
apping devices (Demap) 1 16a to 1 16c to reproduce data. 

[0248] The low-priority layer data reproduced by the 64QAM Demaps 1 16a and 1 16c are readily influenced by the 
degradation in the DFT output and contain a number of errors. 

[0249] The high-priority layer data reproduced by the 4PSK Demap 1 16b are not so easily influenced by the degra- 

so dation, so the number of errors can be decreased. 

[0250] The nonlinear compensation method used in this embodiment will be described next. 
[0251] As a method of correcting a degraded signal, an iterative method is conventionally known. Details of this 
method are described in, e.g., S. Kawata, Y Ichioka, "Iterative image restoration for linearly degraded images. 1 , Basis" 
J, Opt. Soc. Am., vol. 70, no. 7, pp. 762 - 768, July 1980. 

55 [0252] This method assumes that when an observer observes a degraded waveform, the original signal before deg- 
radation is partially known as prior knowledge in association with the frequency and time domains. 
[0253] As shown in FIG. 20, a series of operations of partially exchanging a frequency domain signal with a known 
value, converting the signal into a time domain signal by inverse discrete Fourier transform, further partially exchanging 
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the signal with a known value, and converting the signal into a frequency domain signal by discrete Fourier transform 
are iterated. 

[0254] By repeating the iteration, the signal is corrected and converges to the original signal under the no-noise con- 
dition. This method corresponds to the iterative solution of simultaneous linear equations. This method is conventionally 
5 applied to correct a degraded image signal. 

[0255] In this embodiment, this iterative method is applied to distortion compensation in the OFDM. This will be 
described below in detail. 

[0256] The prior knowledge necessary for correction can be obtained by setting the following assumptions. 
io Assumption 1 

[0257] When the nonlinearity is regarded as saturation characteristics, it can be assumed that elements of the block 
v, which have large amplitudes, are largely degraded, and elements having small amplitudes are rarely degraded. 

[0258] When a detector (Det) 1 1 3 evaluates the levels of v m , m = 0,1 7 and detects samples having larger ampli- 

75 t udes than a level which is assumed to be a linear region, largely degraded elements are detected as v m , m - ji 1p n 2 > 
ji v . Assume that 0 < m < \\ 2 < ». m, < 7, and v < 2 from the condition for obtaining a solution. At this time, 

20 is assumed. v m , m = ^ , \\ 2 m v other than the above elements can be modeled as c m added with noise. 

Assumption 2 

[0259] In the OFDM having a hierarchical structure, high-priority data is designed to have a high error resistance. 
25 High-priority data reproduced by the 4PSK Demap 1 1 6b often have no errors, so the same 4PSK constellation as that 
upon transmission without any degradation can be reproduced by remodulating the determination data (Decision- 
directed recovery). Hence, of the inputs to a transmitting-side IDFT 115, C 3 and C 4 can be obtained on the receiving 
side. 

[0260] The method of iteratively reproducing the remaining C k , K = 0, 1 , 2, 5, 6, 7 on the receiving side comprises the 
30 following two steps. 

Step 1 

[0261 ] According to assumption 1 , when s 2> m , m = 0, 1 , 2 and m = 5 f 6, 7 of the switch Sw 2 are connected to the 
35 low-priority layer signals output from the 8-point DFT 1 1 4 are input to low-priority input points of the 8-point IDFT 1 1 5, 
and simultaneously, high-priority signals reproduced by determination and remodulation are input to the 8-point IDFT 
115. 

[0262] At this time, the elements of an 8-point IDFT input block U = [U 0 U*, ... U 7 ] T are given by 



40 



45 



Yfc, k = 0, 1, 2 
C k , k = 3, 4 
Y k/ k = 5, 6, 7 



The block U contains six unknown terms. 
so Step 2 

[0263] According to assumption 1, s 3i m . m = *i 1t p 2 , •••• M v oi a switch Sw 3 are connected to "#\ and s 3 m> m * u 1t 

p 2 p v are connected to "O w In addition, s 1( m , m = 0, 1. .... 7 of the switch Sw., are connected to At this time. 

the input to the DFT 1 1 4 is given by 
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Ym = 



u m , m = m, n 2 • • • / 

v ra ;o m/ otherwise, 



A block y contains v (v < 2) unknown terms. After iterative processing of steps 1 and 2, S;, m = 0 1 2 and m - 5 6 
7 of the sw,tch Sw 2 are connected to "O" to input the low-priority outputs from the DFT 1 14 to the Demaps 1 16a to 

I 1 DC. 

™«! ^ Yk1 K3' k = 0 ' 1 ' 2andk = 5 - 6 - 7 - the datareproducedbytheDemaps116ato 11 6c have few errors 
[0265] In this embod,ment, the IDFT 1 15 and DFT 114 are used not only to multiplex/separate carriers but also for 
nonlinear compensation. The high-priority constellation signals reproduced by determination and remodulation are 
UaSmmeT * "* '^"^ * *" degradations in 'ow-priority signals, so no special pilot signal need be 

[0266] The Dei 1 13 observes v m> m = 0, 1 7 wilh distortions. As the number nu of elements increases a large 

number of times of iteration for correction is required. 

[0267] As for the timing of stooping iteration, for example, determination errors in the low-priority outputs from the DFT 
114 are measured, and when the number of errors is smaller than a predetermined value, iteration is stopped. Alterna- 
tively the low-pnor,ty data is subjected to error detection coding on the transmitting side in advance, and when repro- 
duced data has no errors any more, iteration is stopped. 

[0268] When high-priority reproduced data has many errors, the effect of iterative correction using the remodulated 
data as a reference signal cannot be obtained. 

[0269] Hence, determination errors in the high-priority outputs from the DFT 114 are measured, and correction is not 
performed when the number of errors is larger than a predetermined value. Alternatively, the high-priority data is sub- 
jected to error detection coding on the transmitting side in advance, and when the reproduced data has many errors 
correction is not performed. y e '! ors - 

[0270] If nu is larger than the number of high-priority signals as reference signals, the effect of correction by iteration 
cannot be expected. In this case, iterative correction is not performed. 

< 10th Embodiment) 

S 1l *J hiS I mb °? r !l ent describes a tec^ique for setting the amount of calculation for signal correction smaller than 
inai in tne ninth embodiment. 

Basic Arrangement 

fl?l 21 F ! c S 21 A and 21 B respectively show the arrangements of transmitting and receiving sides of an OFDM 
i rT 390 ^ Freq , ue , nc , y D,v,sion M "'«P'ex: orthogonal frequency division multiplex) transmitter/receiver according to the 
1 0th embodiment of the present invention. 

[0273] On the transmitting side shown in FIG. 21 A. an 8-point inverse discrete Fourier transform (IDFT- Inverse Dis- 
crete Fourier Transform) converts a signal block C = [C 0 C t .. . C 7 f in the frequency domain, which comprises eight par- 
allel information signals, into a block c = [cq c, ... c 7 ] T in the time domain. A relation 

c m = |£a- mk C k .m = 0.1 7 

K=0 

holds, and a = e " )2 " /8 . In addition. Q T represents transposition of the block Q 

ETInd c^IZr, 0< a ^ inPUt b, ° Ck ? f ,he ,DFT 1 ° 2 ' ° 2 and C < are assi 9 ned t0 "^-Priority layers (High layer). 

I^SryerS ^ ^ ^ ^ remai " in9 °* ^ ^ "« °> ™ * 

[ °h7J i 7,16 ! ,i °.J-P riorii y sto,es ,he most important information to be always reproduced on the receiving side 
and the low-pnonty layer stores information with low importance, which need not always be reproduced on the receiving 

[0276] The medium-priority layer stores information having importance between the high-priority layer and the low- 
pnonty layer. The information data of high-priority layers are assigned to complex signa. points called a 
Shift Keying) constellation by mapping devices 121d and 121f. 
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[0277] The medium- and low-priority layers are assigned to a 64QAM (Quadrature Amplitude Modulation) constella- 
tion by mapping devices 121a to 121c, 121e, 121f, and 121g. 

[0278] The 4PSK has a longer distance between signal points than that of the 64QAM. For this reason, the probability 
that the data information can be reliably reproduced even when the positions of received signal points are shifted by 

5 noise or distortion is high, although the transmission efficiency is low. 

[0279] A parallel-serial converter (Parallel-Serial converter: PS) 103 generates a serial multicarrier symbol in the 
baseband. This multicarrier symbol is sent to a transmission channel through a transmitter (Tra) 104 comprising a dig- 
ital-analog converter (Digital-Analog converter: DA), an amplifier, a frequency converter, and the like. 
[0280] On the receiving side shown in FIG. 21 B, the received signal is passed through a receiver (Rec) 1 1 1 compris- 

10 ing a frequency converter, an amplifier, an analog-digital converter (Analog- Digital converter: AD) and the like, and con- 
verted into a parallel signal block v = [vO v1 ... v7] T by a serial-parallel converter (Serial-Parallel converter: SP) 112. The 
elements of the parallel signal block are degraded due to the nonlinear characteristics of the transmission system. 
[0281] An input block y = [yO y1 ... y7] T to an 8-point DFT 1 14 is defined, and an output block Y = [Y0 Y1 ... Y7] T is 
also defined. A relation 

15 

7 

Y k = £a mk y m ,k = 0,1 7 

m=0 

20 

holds. 

[0282] When each of s 1( m , m = 0, 1 7 is connected to "O" bv a switch Sw 1 to input the output from the SP 1 12 

to the 8-point DFT 114, 

25 y m =v m ,m = 0,1 7. 

The output from the 8-point DFT 1 1 4 is represented by 

Y k = V k ,k = 0,1,...,7, 

30 

For 

V K = i> mk v m ,k = 0,1,....7 

35 m=0 



When each of s 2i mP m = 0, 1 7 is connected to " O " by a switch Sw 2 , the outputs Y k , k = 0, 1 7 are input to dem- 

apping devices (bemap) 1 22a to 122h to reproduce data. 
40 [0283] The medium- and low-priority layer data reproduced by the 64QAM Demaps 122a to 122c, I22e. 122g, and 
122h are readily influenced by the degradation in the outputs from the DFT 1 14 and contain a number of errors. 
[0284] The high-priority layer data reproduced by the 4PSK Demaps 122d and 122f are not so easily influenced by 
the degradation, so the number of errors can be decreased. 

[0285] The nonlinear compensation method used in this embodiment will be described next. The prior knowledge nec- 
45 essary for correction can be obtained by setting the following assumptions. 

Assumption 1 

[0286] When the nonlinearity is regarded as saturation characteristics, it can be assumed that elements of the block 
so v, which have large amplitudes, are largely degraded, and elements having small amplitudes are rarely degraded. 

When a detector (Det) 113 evaluates the levels of v m , m = 0, 1 7 and detects samples having larger amplitudes than 

a level which is assumed to be a linear region, largely degraded elements are detected as V m , m = p 1( jj 2 , - n v - 
[0287] Assume that 0 < in < h 2 < ... |i v < 7 . and v < 2. At this time, 

55 v m ~ cm, m* p v u 2 

is assumed. v m , m = p 1 , \x 2 u v other than the above elements can be modeled as c m added with noise. 
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Assumption 2 

[0288] In the OFDM having a hierarchical structure, high-priority data is designed to have a high error resistance. 
High-priority data reproduced by the 4PSK Demaps 1 22d and 1 22f often have no errors, so the same 4PSK constella- 
5 tion as that upon transmission without any degradation can be reproduced by remodulating the determination data 
(Decision-directed recovery). 

[0289] Hence, of the inputs to the transmitting-side 8-point IDFT, C 2 and C 4 can be obtained on the receiving side. 
[0290] The method of iteratively reproducing the remaining C k , K = 0, 1 , 3, 5, 6, 7 on the receiving side comprises the 
following two steps. 

w 

Step 1 



[0291] According to assumption 1, when S2 ( m . m = 0, 1, 3, 5, 6, 7 of the switch Sw 2 are connected to the low- 
priority layer signals output from the 8-point DFT 1 14 are input to medium- and low-priority input points of the 8-point 
15 IDFT 1 15, and simultaneously, high-priority signals reproduced by determination and remodulation are input to the 8- 
point IDFT 1 15. 

[0292] At this time, the elements of an 8-point IDFT input block U = [U 0 U 1 ... U 7 ] T are given by 



20 



25 



fY k , k = 0, 1, 3, 5, 6, 7 
|c k , k = 2, 4 



The block U contains six unknown terms. 
Step 2 

[0293] According to assumption 1, s 3( m . m = m, \x 2 n v of a switch Sw 3 are connected to and s 3 m . m * p 1f 

\i2 Mv are connected to " O 

30 [0294] In addition, $ A m , m = 0, 1 , .... 7 of the switch Sw! are connected to At this time, the input to the DFT 114 
is given by 

_ f u nw m = Hi, ^2 • • • / H v 

35 Ym - i 

[v m :c m/ otherwise , 



A block y contains v (v < 2) unknown terms. 
40 [0295] After iterative processing of steps 1 and 2 ( s 2 , m , m = 0, 1 , 3, 5, 6, 7 of the switch Sw 2 are connected to "O" 

to input the low-priority outputs from the DFT 1 14 to the Demaps 122a to 122c, 122r, I22g, and I22h. 

[0296] When Y k to C k , k = 0, 1 , 3, 5, 6, 7, the data reproduced by the Demaps have few errors. 

[0297] In this embodiment, the IDFT 1 15 and DFT 1 14 are used not only to multiplex/separate carriers but also for 

nonlinear compensation. The high-priority constellation signals reproduced by determination and remodulation are 
45 used as knowledge to be referred to correct the degradations in medium- and low-priority signals, so no special pilot 

signal need be transmitted. 

Method of Decreasing Calculation Amount 



so [0298] Subsequently, the number of points of the DFT and IDFT in iterative correction is decreased. 

[0299] FIG. 22 shows the arrangement of the receiving side of an OFDM (Orthogonal Frequency Division Multiplex: 
orthogonal frequency division multiplex) transmitter/receiver according to the 10th embodiment of the present invention, 
which decreases the calculation amount. 

[0300] The received signal is passed through the receiver (Rec) 1 1 1 comprising a frequency converter, an amplifier, 
55 an analog-digital converter (Analog-Digital converter: AD) and the like, and converted into a parallel signal block v = (vO 
v1 ... v7] T by the serial-parallel converter (Serial-Parallel converter: SP) 112. 

[0301] The elements of the parallel signal block v = [v0 v i ... v yf are degraded due to the nonlinear characteristics 
of the transmission system. 
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[0302] When these elements are directlyinput to the 8-point DFT 1 14, the output block becomes V = [V0 V1 ... V7] T 
which is influenced by the degradation in transmission channel. 

[0303J When the high-priority signals are input to the 4PSK Demaps 1 22d and 1 22f , and the medium- and low-priority 
signals are input to the 64QAM Demaps 122a to 122c, 122e, 122g, and 122h, data are obtained. The high-priority data 
have no errors at high probability, and the medium- and low-priority data contain errors at high probability. 
[0304] A method of improving the quality of medium-priority data with higher priority than that of low-priority data will 
be described below. 

[0305] As shown in FIG. 22, a 4-point DFT 133 is prepared. The input block is defined as x = [xO x1 x2 x3] T , and the 
output block is defined as X = [X0 X1 X2 x3] T . A relation 

3 

X k = £ P mk x m .k = 0.1.2.3. 

m=0 

holds between the input and output blocks. In this case, p = e" j2lt/4 . 



'4+m 



, m = 0, 1, 2, 3, 



20 is defined. Each of s n m , m = 0, 1 , 2, 3 is connected to "O" bv * he switch Sw 3 to input w 0 , w 1t w 2 , and w 3 to the 4-point 
DFT. More specifically, 

25 At this time, since p = e** 2 "' 4 = a 2 , the output from the 4-point DFT 133 is given by 

X k = £w m f) mk . 

m=0 
8 

= £v m a 2mk , k = 0, 1,2, 3, 
m-0 

35 

From this, the outputs X k , k = 0, 1 , 2, 3 from the 4-point DFT 1 33, which correspond to w mi m = 0, 1 , 2, 3 and the output 
V k , k = 0, 1 , .... 7 from the 8-point DFT 1 14, which correspond to v m , m = 1 , 2 7 have the following relation 

40 X k = V 2k' k=0 ' 1 ' 2 . 3 ' 

This means that, of the eight elements v 0 , v 1t .... v 7 , v 0 , v 2 , v 4l and v 6 are calculated by calculation by the 4-point DFT 
133. 

[0306] When each of S2 t m , m = 0, 3 is connected to "O " bv the switch Sw 2 , X^ k = 0, 1 , 2, 3 are input to demapping 
45 devices (Demap) 131a to 131d to reproduce data. 

[0307] The medium-priority layer data assigned to X0 = V0 and V3 = V6 and reproduced by the 64QAM Demaps 131a 
and 131d are readily influenced by the degradation in outputs from the 4-point DFT 133 and contain many errors. 
[0308] On the other hand, the high-priority layer data assigned to X1 = V2 and X2 « V4 and reproduced by the 4PSK 
Demaps 131b and 131c are not easily influenced by the degradation, so the number of errors can be minimized. 



Compensation Method 

[0309] A nonlinear compensation method proposed in this embodiment will be described. Prior knowledge necessary 
for correction can be obtained by setting the following assumptions. 

Assumption 1 

[0310] When the nonlinearity is regarded as saturation characteristics, it can be assumed that elements of the block 
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v, which have large amplitudes, are largely degraded, and elements having small amplitudes are rarely degraded. 
[031 1 ] When the detector (Det) 1 1 3 evaluates the levels of v m , m = 0, 1 , . ... 7 and detects a case wherein at least one 
of v m and v m+4 has a larger amplitude than a level which is assumed to be a linear region, largely degraded elements 
of w m m = 0, 1 , 2, 3 are detected as w m , m = ^ , n 2 , .... ^. Assume that 0 < ^ < \x 2 < ... m, < 3, and v < 2. At this time, 

5 

w m- c m +c 4 + m> m * Vv »2 

is assumed. w m , m = ^, p 2 Mv other than the above elements can be modeled as c m added with noise. 

io Assumption 2 

[0312] In the OFDM having a hierarchical structure, high-priority data is designed to have a high error resistance. 
High-priority data reproduced by the 4PSK Demap often have no errors, so the same 4PSK constellation as that upon 
transmission without any degradation can be reproduced by remodulating the determination data (Decision-directed 
is recovery). Hence, of the inputs to the transmitting-side ID FT, C 2 and C 4 can be obtained on the receiving side. 

[0313] The method of iteratively reproducing the remaining C 0 and C 6 on the receiving side comprises the following 
two steps. 

Stepl 

[0314] According to assumption 1 , when ^ m , m = 0, 3 of the switch Sw 2 are connected to the low-priority layer 
signals output from the 4-point DFT 133 are input to medium- and low-priority input points of a 4-point IDFT 132, and 
simultaneously, high-priority signals reproduced by determination and remodulation are input to the 4-point IDFT 132. 
At this time, the elements of an input block U = [U 0 \J\ ... U 7 ] T to the 4-point IDFT 132 are given by 
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25 
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X k , k = 0,3 
|C k/ k = 2, 4 



35 



The block U contains two unknown terms. 
Step 2 

[031 5] According to assumption 1 , s 3( m , m = m , n 2 , . .. , m, of the switch Sw 3 are connected to and s 3 m , m * ji-, , 
n 2 . - . n v are connected to "O". In addition, s 1( m , m = 0, 1, 3 of the switch Sw 1 are connected to At this time, 
the input to the 4-point DFT 1 33 is given by 
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1 m/ 



w m :c m + C4 + m , otherwise , 



45 A block x contains v (v < 2) unknown terms. After iterative processing of steps 1 and 2, s 2 m , m = 0, 3 of the switch Sw 2 
are connected to "O" *o input the medium- and low-priority outputs from the 4-point DFT 133 to the Demaps 131a to 
131d. 

[0316] When X k to C 2K , k « 0, 3. the data reproduced by the Demaps have few errors. 

[0317] In this embodiment, iterative calculation is performed using the 4-point IDFT 132 and 4-point DFT 133 to 
so improve the quality of the medium-priority layer using the high-priority constellation signals reproduced by determina- 
tion and remodulation as reference signals. 

[0318] The calculation amount is decreased as compared to a case wherein iterative calculation is performed by the 
8-point IDFT and 8-point DFT to improve the qualities of both of the medium- and low-priority layers. 
[0319] In the OFDM, a degradation in reproduced data due to a transmission distortion poses a problem. 
55 [0320] According to the ninth embodiment of the present invention, of transmission data of two layers, i.e.. high and 
low layers, high-priority transmission data is modulated by a scheme robust against transmission errors. Iterative 
processing is performed by the DFT and IDFT using a signal obtained by remodulating received reproduced data of 
high-priority data, which has few errors, as a reference signal, thereby improving the quality of low-priority reproduced 
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data. 

[0321] On the other hand, according to the 10th embodiment of the present invention, of transmission data of three 
layers, i.e., high-, medium-, and low layers, high-priority transmission data is modulated by a scheme robust against 
transmission errors. Iterative processing is performed by the DFT and IDFT using a signal obtained by remodulating 
s received reproduced data of high-priority data, which has few errors, as a reference signal, thereby improving the qual- 
ity of medium- and low-priority reproduced data. Improvement of only the quality of the medium-priority reproduced 
data is realized by iterative processing by a DFT and IDFT having a smaller number of points and smaller calculation 
amount. 

[0322] According to the above-described embodiments, distortion compensation can be realized without transmitting 
10 any special pilot signal. 

Industrial Applicability 

[0323] As has been described above, a multicarrier transmission apparatus of the present invention is suitable to per- 
15 form digital audio broadcasting, digital TV broadcasting, or radio LAN information transmission. 

Claims 

1 . A multicarrier transmission apparatus characterized by comprising: 

20 

generation means for adding transmission redundant signals known between transmitting and receiving sides 
to transmission information signals of a plurality of systems to generate a transmission block signal, and con- 
verting the transmission block signal on a frequency axis into a multicarrier signal on a time axis; 
transmission means for transmitting the multicarrier signal generated by said generation means; 
25 reception means for receiving the multicarrier signal transmitted from said transmission means; 

reproduction means for reproducing a received block signal corresponding to the transmission block signal 
from the multicarrier signal received by said reception means; 

orthogonal transform means for converting the received block signal on a time axis, reproduced by said repro- 
duction means, into a received block signal on a frequency axis; 
30 additive noise canceling means for obtaining difference values between received redundant signals contained 

in the received block signal on the frequency axis, which is converted by said orthogonal transform means and 
the known transmission redundant signals, and estimating and canceling additive noise components gener- 
ated in the received block signal on the frequency axis by signal distortions on the basis of the difference val- 
ues. 

35 

2. A multicarrier transmission apparatus according to claim 1 , characterized in that the transmission redundant signal 
known is one of a zero symbol arranged at each of two end portions of the transmission block signal to avoid inter- 
ference to a near-by band and a control pilot symbol. 

40 3. A multicarrier transmission apparatus according to claim 1, characterized in that said additive noise canceling 
means comprises 

detection means for detecting positions and number of signal distortions generated in the received multicarrier 
signal in a transmission zone between said transmission means and said reception means, and 
45 canceling means for, on the basis of the positions and number of signal distortions detected by said detection 

means and the difference values between the received redundant signals contained in the received block sig- 
nal on the frequency axis, which is converted by said orthogonal transform means, and the known transmission 
redundant signals, estimating and canceling the additive noise components generated in the received block 
signal on the frequency axis by the signal distortions. 

50 

4. A multicarrier transmission apparatus according to claim 3, characterized in that said canceling means estimates 
and cancels the additive noise components when the number of signal distortions detected by said detection 
means is less than the number which can be estimated from the known transmission redundant signals, and does 
not estimate and cancel the additive noise components when the number of signal distortions is more than the 

55 number which can be estimated from the known transmission redundant signals. 

5. A multicarrier transmission apparatus characterized by comprising: 
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generation means for adding transmission redundant signals known between transmitting and receiving sides 
to transmission information signals of a plurality of systems to generate a transmission block signal, and con- 
verting the transmission block signal on a frequency axis into a multicarrier signal on a time axis; 
transmission means for transmitting the multicarrier signal generated by said generation means; 
reception means for receiving the multicarrier signal transmitted from said transmission means;' 
reproduction means for reproducing a received block signal corresponding to the transmission block signal 
from the multicarrier signal received by said reception means; 

orthogonal transform means for converting the received block signal on a time axis, reproduced by said repro- 
duction means, into a received block signal on a frequency axis; 

signal distortion estimation means for obtaining difference values between received redundant signals con- 
tained in the received block signal on the frequency axis, which is obtained by said orthogonal transform 
means, and the known transmission redundant signals, and estimating a nature of signal distortions generated 
in the received multicarrier signal on the basis of the difference values; and 

compensation means, arranged between said reception means and said reproduction means, for compensat- 
ing for the signal distortions in the received multicarrier signal on the basis of characteristics of the signal dis- 
tortions estimated by said signal distortion estimation means. 

!. A multicarrier transmission apparatus according to claim 5, characterized in that said signal distortion estimation 
means estimates the signal distortions using, as redundant signals for signal distortion estimation, zero symbols 
arranged at two end portions of the transmission block signal to avoid interference to a near-by band. 

r . A multicarrier transmission apparatus according to claim 5, characterized in that said signal distortion estimation 
means comprises 

detection means for detecting positions and number of signal distortions generated in the received multicarrier 
signal in a transmission zone between said transmission means and said reception means, and 
estimation means for, on the basis of the positions and number of signal distortions detected by said detection 
means and the difference value between the received redundant signals contained in the received block signal 
on the frequency axis, which is converted by said orthogonal transform means, and the known transmission 
redundant signals, estimating the nature of the signal distortions generated in the received multicarrier signal. 

. A multicarrier transmission apparatus according to claim 7, characterized in that said estimation means performs 
calculation for estimating the signal distortions when the number of signal distortions generated in the multicarrier 
signal, which are detected by said detection means, is less than the number which can be estimated from the 
known transmission redundant signals, and does not perform calculation for estimating the signal distortions when 
the number of signal distortions exceeds the number which can be estimated from the known transmission redun- 
dant signals. 

. A multicarrier transmission apparatus according to claim 7, characterized in that said detection means compares a 
signal level of the received multicarrier signal with a threshold value which is set in advance in accordance with a 
dynamic range of at least one of said transmission means and said reception means to detect the positions and 
number of signal distortions. 

0. A multicarrier transmission apparatus according to claim 5, characterized in that said compensation means com- 
prises level changing means for changing a level of the received multicarrier signal, wherein input-to-output char- 
acteristics of said level changing means is set on the basis of the characteristics of the signal distortions, which are 
estimated by said signal distortion estimation means. 

1 . A multicarrier transmission apparatus characterized by comprising: 

generation means for synthesizing first transmission information signals of a plurality of systems with second 
transmission information signals of plurality of systems, the second transmission information signals having 
higher priority than that of the first transmission information signals, to generate a transmission block signal, 
and converting the transmission block signal on a frequency axis into a transmission block signal on a time axis 
to generate a transmission multicarrier signal; 

a transmission circuit for transmitting the transmission multicarrier signal generated by said generation means 
to a transmission channel; 

a reception circuit for receiving the transmission multicarrier signal arriving from said transmission circuit 
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through the transmission channel; 

received block signal reproduction means for reproducing a received block signal corresponding to the trans- 
mission block signal from a received multicarrier signal received by said reception circuit; 
orthogonal transform means for converting the received block signal on time axis reproduced by said received 

5 block signal reproduction means into a received block signal on a frequency axis; 

correction means for correcting second received information signals in the received block signal on the fre- 
quency axis converted by said orthogonal transform means, the second information signal corresponding to 
the second transmission information signals, to obtain the second transmission information signals; and 
additive noise canceling means for, on the basis of the second received information signals before correction 

10 by said correction means and the second received information signals after correction, estimating and cance- 

ling additive noise components generated in the received block signal on the frequency axis by signal distor- 
tions. 

12. A multicarrier transmission apparatus according to claim 11, characterized in that said additive noise canceling 
15 means estimates and cancels the additive noise components generated in the received block signal on the fre- 
quency axis, on the basis of spectrum components of the second received information signals corrected by said 
correction means and the second received information signals before correction. 

1 3. A multicarrier transmission apparatus according to claim 1 1 , characterized in that said additive noise canceling 
20 means comprises 

detection means for comparing a signal level of the received multicarrier signal with a threshold value which is 
set in advance in accordance with a dynamic range of at least one of said transmission circuit and said recep- 
tion circuit to detect positions and number of signal distortions, and 
25 means for estimating and canceling the additive noise components on the basis of the positions and number 

of signal distortions detected by said detection means, the second received information signals corrected by 
said correction means, and the second received information signals before correction. 

14. A multicarrier transmission apparatus characterized by comprising: 

30 

generation means for synthesizing first transmission information signals of a plurality of systems with second 
transmission information signals of a plurality of systems, the second transmission information signals having 
higher priority than that of the first transmission information signals, to generate a transmission block signal, 
and converting the transmission block signal on a frequency axis into a transmission block signal on a time axis 
35 to generate a transmission multicarrier signal; 

a transmission circuit for transmitting the generated transmission multicarrier signal to a transmission channel; 
a reception circuit for receiving the transmission multicarrier signal arriving from said transmission circuit 
through the transmission channel; 

received block signal reproduction means for reproducing a received block signal corresponding to the trans- 
40 mission block signal from the received multicarrier signal received by said reception circuit; 

orthogonal transform means for converting the received block signal on a time axis reproduced by said 
received block signal reproduction means into a received block signal on a frequency axis; 
correction means for correcting second received information signals in the received block signal on the fre- 
quency axis converted by said orthogonal transform means, the second received information signals con e- 
45 sponding to the second transmission information signals, to obtain the second transmission information 

signals; 

signal distortion estimation means for estimating nature of signal distortions generated in the received multi- 
carrier signal, on the basis of the second received information signals before correction by said correction 
means and the second received information signals after correction; and 
so compensation means, arranged between said reception circuit and said received block signal reproduction 

means, for compensating for the signal distortions in the received multicarrier signal on the basis of the nature 
of the signal distortions estimated by said signal distortion estimation means. 

1 5. A multicarrier transmission apparatus according to claim 1 4, characterized in that said signal distortion estimation 
55 means estimates the nature of the signal distortions generated in the received multicarrier signal, on the basis of 

spectrum components of the second received information signals corrected by said correction means and the sec- 
ond received information signals before correction. 
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16. A multicarrier transmission apparatus according to claim 14, characterized in that said signal distortion estimation 
means comprises 

detection means for comparing a signal level of the received multicarrier signal with a threshold value which is 
set in advance in accordance with a dynamic range of at least one of said transmission circuit and said recep- 
tion circuit to detect positions and number of signal distortions, and 

means for estimating characteristics of the signal distortions on the basis of the positions and number of signal 
distortions detected by said detection means, the second received information signals corrected by said cor- 
rection means, and the second received information signals before correction. 

17. A multicarrier transmission apparatus according to claim 14. characterized in that said compensation means com- 
prises level changing means for changing a level of the received multicarrier signal, wherein input-to-output char- 
acteristics of said level changing means is set on the basis of characteristics of the signal distortions which are 
estimated by said signal distortion estimation means. 

18. A multicarrier transmission apparatus characterized by comprising: 

generation means for adding transmission redundant signals known between transmitting and receiving sides 
to transmission information signals of a plurality of systems to generate a transmission block signal and con- 
verting the transmission block signal on a frequency axis into a transmission block signal on a time axis to gen- 
erate a transmission multicarrier signal; 

a transmission circuit for transmitting the transmission multicarrier signal generated by said generation means 
to a transmission channel; 

a reception circuit for receiving the transmission multicarrier signal arriving from said transmission circuit 
25 through the transmission channel; 

received block signal reproduction means for reproducing a received block signal corresponding to the trans- 
mission block signal from a received multicarrier signal obtained by said reception circuit; 
detection means for estimating, from a plurality of signal elements contained in the received block signal repro- 
duced by said received block generation means, positions and number of signal elements added with distor- 
tions larger than a predetermined amount: 

orthogonal transform means for converting the input received block signal on a time axis into a received block 
signal on a frequency axis; - 
demodulation means for demodulating information signals contained in the received block signal on the fre- 
quency axis, which is output from said orthogonal transform means, to reproduce information data 
replacement means for replacing received redundant signals contained in the received block signal on the fre- 
quency axis, which is output from said orthogonal transform means, with control signals generated on the basis 
of the known transmission redundant signals; 

inverse orthogonal transform means for converting the received block signal on the frequency axis after signal 
replacement by said replacement means back into the received block signal on the time axis; 
correction means for replacing, of the signal elements of the received block signal generated by said received 
block signal generation means, the signal elements which are estimated by said detection means to be added 
with the distortions larger than the predetermined amount with corresponding signal elements of the received 
block signal output from said inverse orthogonal transform means; and 
control means, 
45 said control means comprising 

first means for inputting the received block signal output from said received block signal reproduction means to 
said orthogonal transform means, inputting the received block signal output from said orthogonal transform 
means to said inverse orthogonal transform means through said replacement means, and causing said correc- 
tion means to generate a corrected received block signal on the basis of the output from said inverse orthogo- 
50 nal transform means, 

second means for executing, at least once, an operation of inputting the corrected received block signal 
obtained by said correction means to said orthogonal transform means, inputting the received block signal out- 
put from said orthogonal transform means to said inverse orthogonal transform means through said replace- 
ment means, and causing said correction means to generate a corrected received block signal on the basis of 
the output from said inverse orthogonal transform means by said first means, and 

third means for. after the operation by said second means is ended, causing said demodulation means to 
demodulate the information data on the basis of the received block signal output from said orthogonal trans- 
form means. 
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A multicarrier transmission apparatus according to claim 18, characterized in that said control means further com- 
prises determination means for determining whether the number of signal elements which are estimated by said 
detection means to be added with the distortions larger than the predetermined amount is not more than a prede- 
termined number, and executes said first, second, and third means when said determination means determines 
that the number of signal elements is not more than the predetermined number. 

A multicarrier transmission apparatus characterized by comprising: 

generation means for adding transmission redundant signals known between transmitting and receiving sides 
to transmission information signals of a plurality of systems to generate a transmission block signal, and con- 
verting the transmission block signal on a frequency axis into a transmission block signal on a time axis to gen- 
erate a transmission multicarrier signal; 

a transmission circuit for transmitting the transmission multicarrier signal generated by said generation means 
to a transmission channel; 

a reception circuit for receiving the transmission multicarrier signal arriving from said transmission circuit 
through the transmission channel; 

first received block signal reproduction means for reproducing a first received block signal corresponding to the 
transmission block signal from a received multicarrier signal obtained by said reception circuit; 
second received block signal generation means for generating a second received block signal having a smaller 
number of signal points than that of the first received block signal on the basis of the first received block signal 
reproduced by said first received block signal generation means; 

detection means for estimating, from a plurality of signal elements contained in the first received block signal 
reproduced by said first received block generation means, positions and number of signal elements added with 
distortions larger than a predetermined amount; 

first orthogonal transform means, having input signal points corresponding in number to the signal elements of 
the first received block signal reproduced by said first received block signal generation means, for converting 
the input signal on a time axis into an input signal on a frequency axis; 

demodulation means for demodulating information signals contained in the received block signal on the fre- 
quency axis, which is output from said first orthogonal transform means, to reproduce information data; 
second orthogonal transform means, having a smaller number of input signal points than that of said first 
orthogonal transform means, for converting the input second received block signal on a time axis into a second 
received block signal on a frequency axis; 

replacement means for replacing received redundant signals contained in the second received block signal on 
the frequency axis, which is output from said second orthogonal transform means, with control signals gener- 
ated on the basis of the known transmission redundant signals; 

inverse orthogonal transform means, having input signal points corresponding in number to said second 
orthogonal transform means, for converting the second received block signal after signal replacement by said 
replacement means back into a second received signal on a time axis; 

correction means for replacing, of the signal elements of the second received block signal generated by said 
second received block signal generation means, the signal elements which are estimated by said detection 
means to be added with the distortions larger than the predetermined amount with corresponding signal ele- 
ments of the second received block signal output from said inverse orthogonal transform means; and 
control means, 

said control means comprising 

first means for inputting the second received block signal output from said second received block signal repro- 
duction means to said second orthogonal transform means, inputting the second received block signal on the 
frequency axis, which is output from said second orthogonal transform means, to said inverse orthogonal 
transform means through said replacement means, and causing said correction means to generate a corrected 
second received block signal on the basis of the output from said inverse orthogonal transform means, 
second means for executing, at least once, an operation of inputting the corrected received block signal 
obtained by said correction means to said second orthogonal transform means, inputting the received block 
signal output from said second orthogonal transform means to said inverse orthogonal transform means 
through said replacement means, and causing said correction means to generate a corrected second received 
block signal on the basis of the output from said inverse orthogonal transform means by said first means, and 
third means for, after the operation by said second means is ended, replacing, of the signal elements of the first 
received block signal generated by said first received block signal generation means, the signal elements 
which are estimated by said detection means to be added with the distortions larger than the predetermined 
amount with corresponding signal elements of the second received block signal output from said inverse 



38 



21 



EP0 942 547 A1 

orthogonal transform means, inputting the signal elements to said first orthogonal transform means, and caus- 
ing said demodulation means to demodulate the information data on the basis of the first received block signal 
on the frequency axis, which is output from said first orthogonal transform means. 

A multicarrier transmission apparatus according to claim 20, characterized in that when said transmission circuit 
inserts a priority information signal into a predetermined system of the transmission information signals of the plu- 
rality of systems and transmits the transmission information signals, said second received block signal generation 
means selects a predetermined signal corresponding to the priority information signal from the first received block 
signal generated by said first received block signal generation means and outputs the predetermined signal as the 
io second received block signal. 

22. A multicarrier transmission apparatus characterized by comprising: 

first conversion means for converting a transmission signal block on a frequency axis, which has a plurality of 
is signals, into a transmission signal block on a time axis; 

transmission means for transmitting the transmission signal block converted by said first conversion means 
reception means for receiving the transmission signal block transmitted by said transmission means as a 
received signal block on the time axis; and 

second conversion means for converting the received signal block received by said reception means into a 
20 received signal block on the frequency axis, 

wherein the plurality of signals contained in the received signal block on the time axis and the received signal 
block on the frequency axis have known signals whose transmitted values are known and unknown signals 
other than the known signals, and 

said apparatus comprises correction means for correcting at least one of the unknown signals contained in the 
received signal block on the time axis and the unknown signals contained in the received signal block on the 
frequency axis to at least one of unknown signals contained in the transmission signal block on the time axis 
and unknown signals contained in the transmission signal block on the frequency axis on the basis of the 
known signals contained in the received signal block on the frequency axis, which is converted by said second 
conversion means. 



25 



30 



35 



40 



45 



SO 



23, A multicarrier transmission apparatus according to claim 22, characterized in that 

said first conversion means converts the transmission signal block on the frequency axis into the transmission 
signal block on the time axis by inverse discrete Fourier transform, and 

said second conversion means converts the received signal bloc* on the time axis into the received signal 
block on the frequency axis by discrete Fourier transform. 

24. A multicarrier transmission apparatus according to claim 22, characterized by further comprising 

first replacement means for at least one of the known signals contained in the received signal block on the fre- 
quency axis, which is converted by said second conversion means, with the transmitted value 
third conversion means for converting the received signal block on the frequency axis, which contains the 
known signal replaced by said first replacement means, into the received signal block on the time axis 
determination means for determining whether the plurality of signals contained in the received signal block 
received by said reception means exceed a predetermined amplitude level, and 

second replacement means for replacing a signal which is determined to exceed the predetermined amplitude 
level by said determination means with a signal contained in the received signal block on the time axis, which 
is converted by said third conversion means, and corresponding to the signal which is determined to exceed 
the predetermined amplitude level. 



25. 



A multicarrier transmission apparatus according to claim 22. characterized in that the known signal has a signal 
having a predetermined amplitude value. 

26. A multicarrier transmission apparatus according to claim 22, characterized in that the known signal reoresents 
55 information to be transmitted, and 

correction by said correction means is performed using a known signal reproduced by mapping the known sig- 
nals contained in the received signal block on the frequency axis, which is converted by said second conver- 
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sion means, and demapping the mapped known signals. 

27. A multicarrier transmission apparatus according to claim 22, characterized in that correction by said correction 
means is performed on the basis of the known signals contained in the received signal block on the frequency axis 
and, of the plurality of signals contained in the received signal block on the time axis, signals on the time axis which 
have not more than a predetermined amplitude level. 

28. A multicarrier transmission apparatus according to claim 22, characterized in that said correction means estimates 
known signals on the time axis on the basis of the known signals contained in the received block on the frequency 
axis and the unknown signals contained in the received block on the frequency axis, and performs correction on 
the basis of the estimated known signals on the time axis and the known signals contained in the received block on 
the frequency axis. 

29. A multicarrier transmission apparatus according to claim 22, characterized in that correction of the unknown signals 
contained in the received block on the time axis by said correction means is performed by a compensator inserted 
between said reception means and said second conversion means. 

30. A multicarrier transmission apparatus according to claim 22, characterized in that said correction means deter- 
mines whether correction can be performed, on the basis of one of a relationship between the known signals on 
the time axis and the number of known signals on the frequency axis and a relationship between the known signals 
on the frequency axis and the number of known signals on the frequency axis, and when it is determined that cor- 
rection can be performed, performs correction processing. 
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